HUMAN p51 GENES AND GENE PRODUCTS THEREOF
7"—\____/
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TECHNICAL FIELD
The presepnt invention relates to novel human genes.
More particularly. the invention rélates to a mnovel
human gene analogous to human p53 and humana p?73 genes,
which are known as tumor suppressor genes.‘and the
corresponding geane product.

BACKGROUND ART

The p53 protein was dizcovered as a nuclesar pro\tein

bindindg te the large T antigen of the DNA tumorxr virus

SV4o and N\ts gene (p53 gene) has been cloned. _first,
the p53 geny was considered to be %g/pﬁcogene because
the transfer of this gene and the ras gene together into
ce}ls résulted 3n traansformation of embryomnal cells.
Later studies, howewe raevealed that thae 1nitia;1y
cléned p53 gene wae a ant type and that the wild type
rather suppressed the ansforming ﬁctivity of the
multant type. By now, delatiens or anomalies in the pS53
gene have been detected in mahy human cancers and a
gamate mutation of the P53 gene Wwae also discovered 1in
Li-Praumeni syndrome which is known to be a hereditary
disease with a high risk for malignagt conversion.

Because of these and other f£indings, the p53 gene has

by now been considered to be an important Suppressor
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oncogene [Baker, S. ., et al., Science, 244, 217-221
(1989) : Nigroe, J. M ature, 342, 705-708 (1989) 1.

The human p53 protein consists of 393 amino acid
residues and can be roughly dividec-l into the N-terminal
domain (the 1~101st amino acid region), the cere demain
(the 102~292nda amino acid region), and the C-terminal
domain (the 293~393rd amine acid region). The N-
terminal demain contains sequences necessary for
transcriptional regulation, such as acidic amineo acids
and a high-procline région, and is ceonsidered to be a
transcriptional activater domain. The central core
domain contains 3 hydrophebic sites and is a domain
assacciated with nucleotide sequence—-specific DNA
binding. The C—-terminal domain contains many basic
amino acids and a seguence necessary Ior
tétramezization and is considered to be responsible for
racognition of nonsapecific DNA bgnding and DNA damagea
and inhibition of transformation.

Many of the p53 gene abnormalities detected in
human cancer cells are missense mutations and most of
them are concentrated.invthe core domain coxrresponding
totha100~300thaminoacidsequencefrcmthetiterminus,
particularly in the region called "hot-spot!" which has
been sonservaed among species. The het—-spot regioen in

the core demain is the sequence associated with the



pinding between p53 protein and DNA and, actually,
mutation ©f this region results in the inhibition of
spacific binding to DNA.

It became clear fxrom the above that the p53 protein
plays th‘e role of a transariptional control factor which
binds specifically toc other genes to modulate
expression of tha genes.

The gene whose transariptien is induced by the p53
protein includes, among otheres, the p21 gene [Kknown as
WAFl1l, CIPl, ox SDI1l (EXI-Dairy, W. 8., et al., Cell, 185,
817 (1993)); MDM2Z2 (Wu. X., at al ., Genes Dev., 7, 1126
(1993)) ; MCK (Weintraub. H., et al., Proc. Natl. Acad.
Sci. UBEA, B8, 4570 (1991) : Zambetti. 6. P., et al., Genes
Dev., &, 1143 (1992))]1, GADD45 [Kastan, M. B., et al..,
Cell, 71, 587 (1982)], Cyclin G [Cyclin G: Okameoto, K.,
m&so J., 13, 4816 (1994)1, BAX [Miyashita, T., et al.,
cell, BO, 293 (19985)1, and insulin-like growth
factor-binding protein 3 (IGF-BP3: Buckbinder, L., et
al,, Nature, 377, 646 (19851 .

The prote.in encoded by the p21 gene is an inhibitor
protein for cvyelin-dependent kinase (CDK), and it has
been found that the wild type p53 proetein regulates the
cell cycle in an inhibitory way through p21 [Harper,
J. W., «t al., cell, 75, 805 (1993): Xiong, Y., et al.,

Nature, 266, 707 (1983): Gu, Y., et al., Nature, 366,
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701 (1993)1]. Furthermore, the p21 gene reportedly

binde te the proliferating cell nuclear antigen (PCNA)

to directly inhibit DNA replication [Waga, S., et al.,
Nature, 365, 574 (1994)]. In addition, the p21 gene has

peen found te the sam;e gene as the SDI1 gene which induces
senescence of c¢ells to inhibit DNA synthesis [Noda.,
A., et al., Exp. Ccell Res., 211, 90 (1994)1].

MDM2Z2 binds to the pS53 protein to inactivate the
transcriptionalregulationactivitycﬂfthegenep:otein,
ieading to the putative conclusion that MDM2 is acting
as a negative feédback regulating factor.

IGF-BP3 is a negative regulating faoctor in IGF
signalization. Therefore, the increase of the IGF~EBP3
gene ky the p53 protein suggests the possible outcome
that the p53 protein induces suppression of growth of
IGF-dependent cells.

Meanwhile, the wild type p53 protein reportedly
induces apoptosis of myelocytic leukemia cells
[Yonish-Rouach, E., et al., Nature, 3252, 345 (1991) ] -
Induction of thymocyte apoptosis by irradiation does
not take place in pS3-defective mice [Lowe, S. W.,
Nature, 362, 847 (1993): Clarke, A. R., et al., Nature
362, 849 (1993)1 and, in the cerystalline lens, retina
and brain, the p53 protein 1induces apoptic death of

cells deprived of normal retinal blastoma gena (RB gene)
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activity [Pan, H., and Griep, A. E., Genes Dev., B, 1285
(1994) : Morgenbesser, S. D., et al., Nature 371, 72
(1994) : Howes, K. A., Genes Dev., 8, 1300 (1994):
Symends, H., et al., Cell, 78, 7032 (19%94)]. E. White

proposes that the p53 protein is useful for a
surveillance of RB gene mutation and that the proteinv
is likely to induce apoptosis of the c¢cells in which a
RB gene mutation is involved [White, E., Nature, 3271,
21 (1994)1].

Furthermore, in the mouse erythroid leukemia cell
line in which the temperature-sensitive p53 gene only
is expressed, a fall in temperature iesults in
reconversion of tha mutant p53 gene te the wild type
to induce apoptosis and the mutant p53 gene isolated
therefrom imparts the akility to grew in soft agar

medium te a pS3-defeative fibroblast line (impart

anchorage independence) [Xu et al., Jpn, J. Ccancer Res.
86: 284-291 (1995); Kato et al., Int. J. Oncol. 9:
269-277].

EAX is able to bind to bel—-2, which is an inhibitor
of apoptesis, and encouratges apaoptic cell death
foltvai, 2. M., et al., Cell, 74, 609 (1%9¢93)1]. The
inerease in the BAX gene and decrease in bel-2 by the
P53 protein are involved in the apoptosis of the mouse

ljeukemia caell line M1 [Miyashita, T., et al., Oncogene,



o, 1799 (1994)] and Fas, which is one of the signal
traneducaers for apoptosis, is increased in nen-
small—-cell lung cancer and erythroleukemia [Owen-
Schaub, L. B., et al., Mol. Cell Biol., 15, 3032 (1995} ].

The many investigations referred to above have
revealed that the p53 proteln either activates or
represses the transcription of various genes not
limited to the p2l1l gene. Moreover, even the mutant p53
protein defected in the transecriptional regulating
function is capable of interacting with other
intracellular proteins to transmit gignals and
discharge a DNA damage repairing function.

Among the functions of the pS3 protein which have
so far been identified are a transceription regulating
function, a signal transducer funoticn.through binding
to ether intracellular proteins, a constituent element
of a protein complex related to DNA replication, a DNA
binding function, and exonuclease activity, and it is
conjectured tao be the result of a compound interplay
of these functions that causes the arrest of the ¢ell
cycle in cells; induction of apopto=is, DNA repair,
regulation of DMNA replication, and induction of
differentiation.

Furthermore, it is not true that the functions of

the pS3 protein are expressad only in the event of a



gene damage but it is reported that when the living
ticsue i=s subjected to various stresses such as viral
infectien, cytokine stimulation, hypoxia., a chaage in
the nucleoctide poel, drug-induced metakolic
abnormality, etc., the stimuli trigger gquantitative orx
gqualitative changes in the p53 protein. The pS53 protein
subjected to the gquantitative ex qualitative regulation
expresses its functions, such as signal transduction
through interactions with other proteins and control
of the transcription of other genes, to regulate the
replication of DNA in cells of the living tissue
subjected to bioclogical stresses! repair the cells by
suspending the cell c¢yc¢le, eliminate acells by way of
apoptosis, or promate the differentiation of cells,
thereby contributing to the protection of the living
tissue against the stresses [Ganman, ¢. E., et al.,
Genes Dev., 5, 600-611 (1985): Graeber, T. G., et al.,
Nature, 379, 88-91 (1996): Linke, S.P., et al., Genes
pev-., 10, 934-947 (1996) : Xiang, H., et al., J.
Neuroesaci., 16, 6753-6765 (1996) 1.

In view of the existence of p53 gene mutations in
a half of human tumors, c¢linical application of the p53
gene and its product protein to the diagnosis and
therapy ¢f tumors has been a subject of study in racent

vyears. Tha method of detecting tumor cells invading the



lymph node or bedy fluid by carrying out a PCR using
p?imers specifically recognizing the mutation site of
the p53 gene can be an effective diagnostic technique
for estimating the scope of tumor invasion or predicting
a recurrenca of the tumor [Hayashi, H., et al., Lancet,
348, 1257-1259 (1995)1.

Furthermore, taking advantage of the
apoptoesis—inducing activity of the p53 protein, a gene
ther‘apy comprising introducinga wild type p53 gene into
the tumor cell by means of a virus vector is being
practiced in the United States and its effectiveness
has been reported [Rath, J. A, et al., Nature Med.,
2, 985-991 (1996)1]. Recently, in Japan, teoeo, this gene
therapy has been started in several locations.

Meanwhile, more than the majority of huﬁan tumors
are not associated with p53 gene mutation and, £from this
fact,fthe possibility of existence of other
tumorigenesis—-inhibiteory proteins analogous to the p53
protein has been pointea ocut.

The inventors of the present invention previocusly
found that a pb3 gene mutation cannot be a useful
premonitexry indicator of non-Hodgkin's lymphoma (NHL) .

Recently, a novel gene, named p73, which has high
homology to said p53 gene has been identified [Kaghad,

M., et al., Cell, 90, 809-819 (1997)1. According to the



information available to the present inventors, the p73
protein shows 29% homoloéy to the human pS53 protein in
the transcriptional activator domain (the 1st~45th

amino acid region). Moreover, this P73 preotein has a
homolaogy of 63% in the DNA binding domain (the 113rd
~ 290th amineo acid region) having 6 complementary

conserved sequences called hot spots of mutation; and
a homology of 38% in the oligemerization domain (the
319th ~ 363rd amino acid reglon) . With regard to the
Cc-terminal domain, howe\fér, no significant homology has
been recognized between p73 protein and pS3 protein.

It is reported that excessivea expressgion of the
p73 protein ijhhikbits the growth of a neuroblastoma cell
line and SA0S2 cells (an osteosarcoma cell line) and
that a transient expression of the p73 protein promotes
the apoptosisc of SAOS2 cells and baby hamster's kidney
cells [Bruce Clurman and Mark CGroudine, Nature, 389,
i22—123 (1997): Christine, A., et al., Nature, 389,
191-194 (1997)] -

However, the p73 protein i=s somewhat different
from the p53 protein in that the former is expressed
only at low levels in normal tissues. Moreover, the p73
protein is different from the p53 protein in that the
-expression of the former protein in a neurokblastoma cell

iine is not induced by UV irradiation or a low dose of
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actinomycin D.

Therefore, 1t is not true that the p73 protein has
the exactly the same funcotions as those of the p53
protein and, at the present, much depends on further
reseaxrch. rThere 15 a report arguing that, based on the
observations so far made, this p73 may be categorized
as a putative tumorxr suppressive faoctor 1in
neuroblastoma.

The present invention has for ite object to provide
information on a novel gene and gemne product related
¢to the morphogenasis of human tumors. More
particularly., the object of the present invention 1=
to provide a novel geéene analogous TO the p53 gene which,
as mentioned above, 1Fs already known &as a tumor
suppressor gene and the corresponding genae product.

I+ 15 a further object of the present ianvention
to provide primer=s and probes sach comprising a partial
DNA of said gene. vectors harboring said gene,
transformants as transformed using aany of said vectors,
and a method of producing said gene produot which
comprises growing any of said transeformants.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illust;ating features of the

structural domains of the p51A protein, along with those

of the pS3 protein and p73f protein. In the diagram.
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"TA" represents a trahscriptional activator domain;
"DNA binding" represents a DNA binding domain; and

"gligo" repraesents an oligomerization domain.

Fig. 2 is a diagktam showing the homology
relationship of the amipho acid sequence encoded by the
human pS51A geaene, the amino acid sequence of the p53
protein, and the amino acild segquence of the p73p preotein.
The amino acids which ar commen among the threa
segquences are indiaated n blocks.
Fig. 3 is a diagram \showing the homology
relationship of the amine ajcid sequence encoded by the
human pS1BE gene and the amine acid sequence of the p73a
pretein. The amino acids which are common to both
sequences are indicated in locks.

Fig. 4 4is a schematic diagram comparing the
etructurae of the alteéernative splieing variant (pSia,
pS51lB) of the p&Sl protein with the structure of the
alternative s=plicing variant (p73a, p738) of the p73
protein. l

Fig. 5 is a photegraph, in lieu of a drawing, which
shows the pattern of expression of pS1ImRNA in various
human tissues as a Narthern blotting (usingAa
Clonetach's filter) electrophoretogram. The lanes

represent the re&ults for 1: hearxrt, 2: brain, 3:

placenta, 4: lung, 5: liver, 6: skeletal musclea, 7:
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spleen., 8: panoreas, respectively.

Fig. 6 is a photograph, in l1ieu of a drawing. which
shows the pattern of expression of pPp5S51mRNA 1in various
human tissues as a Northerxrn blotting (using a filter
prepared by using the RNA purchased from Clontech)
electrophoretogram. The lanes represent the results
for 1: mammary glamd, 2: prostate, 3: salivary gland.
4: stomach, S§: thymus, 6: thyroid. 7: trachea. and 8:
uterus, respectively.

Fig. 7 15 a photograph, in lieu of a drawing. which
shows the anti-colony forming activity of the p51aA gene.
More specifically., it 1is a photograph. in l1ieu of a
drawing, which shows in comparison the anti-colony
forming activities of the cells transformed with the
pS51A expression plasmid (p51aA), p53 expression plasmid
(p53). HA-tagged pS1A expression plasmid (HApS1lA). and
veotor (RcCMV) alone, respectively. -

Fig. 8 is a schematic diagram showing the reporter
constructs used in Experimental Exampla 2. In the
Aiagram, *"wAFP-1 promoter luc”™ represents a wild type
P21WAF1l promoter construct with two pb53 regulating
elements retained; “"del 1" represents a similar
construcot inm which one upstream element bas been
deleted; and "del 2" represgents a construct in which

both elaments have been deleted.
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Fig. 9 is a diagram showing the transactivation
activity found in the transfer of the p51A expression
plasmid (p51A), p53 expression plasmid (p53) or control
vecter (Rc/CMV) harboring the various reporter
constructs shownh in Fig. 8 into SAO0S2 cells [cf
Experimental Example 2.

Fig. 10 is a diagram showing the transactivation
activity found in the transfer of the p51A expression
plasmid (pS51a), HA-labeled pS51a aexpression plasmid
(HApS1A), p53 expression plasmid (pS53) or control
vecteor (Re/CMV) harboring the PGC reporter construct,
whosepSBresponaehasbeenexperimentallydemonstrated,
inte SA0OSZ cells [¢f Experimental Example 2].

Fig. 11 is a photograph‘(an ethidium bromide-—
stained agarose gel electrophoretegram), in lieu of a
drawing, which shows the results ¢f DNA fragmentation
asscays performed with 1Cl1l and 4B1 cells containing the
human p51A gene and 1=-2-3 calls not containing the prSia
gene as grown at different temperatures of 32°'C and
37°cC.

ITn the diagram, the "l1l=-2-3 cells" represents
contrel cells into which the vector onliy has been
introducad and not centaining the p51A gene anhd the "1cl
Eells" or "4Bl cells" reoepresents the pSlA-containing

1-2-3 ¢ells as transformed with the expression vactor
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harboring the p51A gene (pPROCMV/pS1A). The "A /Hind

IXII"™ represents digestion products as digested with the
A phage DNA restriction enzyme Hind IIX and are DNA size
markers (product of New England Biolabs. Ind.) . The
"300 bp ladder®™ represants size markers comprising DNA
fragmenteg having =izes correspondimg to multiplea of
100 bp (producot of GIBCO-BRL).

A Figs. 12~14 show a diagram compaxing the
nuocleotide seguence (bottom row) of the coding reglon
of the bhuman p51B gene with the corresponding segquence
(upper-row) of the mouse homolog (mouse pS18B gene) -‘ The

nucleotides common between the two sSequences are

indicated by the asteriek mark in the diagram.

Fig. 15 is a dipfgram comparing the amino acid

sequences ¢of Tha huma pS1B protein and mouse pS5S1B

protein encoded by the\human pS51B gemne and mousa p51B
gens. both shown in Figs. 12-14. respectively. The
amino acids common to bqth seguenéea are indlicated by

the asterxrisk mark in th diagram.

DISCLOSURE OF JINVENTION
Since more than the majority of human tumor tissues

have multants of the p53 geme which is an oncogene

suppressor gene as mentioned above. the possibility has
been suggested of the existence of othexr gene products

(proteinas) than the p53 protein which are discharging
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the tumorigenesis-inhibiting function.

therefore, the inventors of the present invention
did intensive investigatiens in scarch for novel genes
and gene products= which might be associated with saia
tumorigenesis-inhibiting function. As a result, they
discovered a novel human—-derived gene coding for a
protein showing activity similar to that of said p53
protein and confirmaed that tha particular gane or gene
praoduat is significantly associated with apoptosis.
The present invention hasg 1ts basis in this new finding.

The presant invention, therefore, is directed to
.the following human pS51 genes 1~8 and the related genes.

1. A gene coding for tha following protein (a)
or (b):
(A) a protein having the amine acid sequence shown under
SEQ ID NO: 1
(p) a protein having an amine acid sequence derivaAd from
the amino acid segquence shawn under SEQ ID KO:1 by
deletion, substitution or addition of one eaxr a plurality
of amino aecids and having p51 activity.

2. A gene comprising the follewing DNA (a) or
(b):
(a) a DNA having a nucleotide sequence identified by
the nucleotide numbers 145~1488 of the nucleotide

seqﬁence shown under SEQ ID NO:2
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{(b) a DNA capable of bybridizing with the DNA having
a nuncleotide gequence identified by the nucleotide
numbers 145-1488 of the nucleotide sequence zshown under
SEQ ID RO:2 under stringent conditions and coding for
a protein having p51l activity.

3. A gene as defined in paragraph 2 which has
the nuocleotide seqgquaence shown under SEQ ID NO:2,.

4. A cDNA comprising the following DNA (a) or
(B):

(a) a DNA having a nucleotide seguence identifie@ by
the nucleotide numbers 145-1488 of the nucleotide
seguence shown under SEQ ID NO:2

{b) a DNA capable of hybridizing with a DNA having =a
nucleotilide seguance identified by the nucleotide
numbers 145~1488 of the nucleotide sedueﬁoe of S5EQ ID
NO:2 under stringent conditions and ¢oding for a protein
hgving PS1 activity.

S. A DNA oh&racterized in that 1£ is vapable of
hybridizing with the nucleotide segquence of SEQ ID NO:2
under stringent conditions.

6. A DNA characterized 1in that it is capable of
the hybridizing with a nucleotide sequence identified
by the nuclecotide numbers 145~1488 of SEQ ID NO:2 under
stringent conditione.

7. The DNA defined 1n paragraph 5 for use as a
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primer.
8. The DNA defined in paragfaph 5 for use as a
probe.

The present invention is fu?ther directed to the
following human pS1 proteins 9-14 and the related
proteine or peptides.

9. A protein defined under (a) or (b) below:
(a) a protein having the amino acid sequence shown undar
éEQ ID NO:1
(bh) a protein having an amino acid segquence derived from
the amino aaid sequence of SEQ ID NO:1 by deletiaon,
substitution or addition of one or a plurality of aminag
acids and having pSl aotivity.

i10. A protein as defined in paragraph 9 at least
coontaining the amino acld sequences identified by the
aminoe acid numbers 1-59, amino acid numbersg 142~321,
and amino acid numbers 359—395 of the amino acid .
sequence shown under SEQ ID NO:1.

11._ A polypeptide haﬁing ap amino acid seguence,
idn SEQ ID NO:1, which has at least one function seleoted
from the group consisting of transoriptional activation
function, DNA binding Ffunoction and ocligomerization
function.

12. A polypeptide as defined unander (a) ar (b}

below:
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(a) a pelypeptide having an amino acid sequence
identified by the aminoe acid numbers 1~59 of SEQ ID NO:1
(b) a polypeptide having an amino acid sequence derived
from the amino acid sequence defined under (a) by
deletion, subsgtitution or addition of one oxr a plurality
of amine acideg and having a transc¢riptional activation
funation.
13. A polypeptide as defined under (a) or (b)
below:
(a) a pelypeptide having an amino acidAeequence
identified by the amino acid numbers 142-~321 of EEQ ID
NO: 1
(b)Y a polypeptide having an amino acid sequence derived
from the amineoe aovid seguence defined under (a) by
deletion, substitution ox addition of one ot a8 plurality
of amino acids and having a DNA binding function.
14. A polypeptide as definad under (é) ar (b)
below:
{(a) a polypeptide having an amino ac¢id segquence
identified by the amino acid numkers 359-~-397 of SEQ ID
NG :1
{b) a polypeptide having an amino acid sequence derivéd
from the amino acid sequence defined under (a}l by
deleticon, substitution or addition of one or a plurality

of amino acids and having an oligomerization function.
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The present invention is further directed to a
vactor harboring said p51 gene, host ¢cells transforxrmed
with said veotor, and a method of produoing the ps51
protein charaocterized by growing said host cells in a
mediam and harveseting the proteinm f£from the resulting
culture.

It should be understood that the designation of
p51 is used only £b:.oonven1ence's sake in this
apecification and is by no means definitive of the gene
and gene produoct (protein) of the presemnt invention.

Furthermore. the term "gene (DNA)" in the context
of the present invention means not only a.doub1e~
stranded DNA but also a single-stranded DNA, inclusive
of the oomponeﬁt sense ohﬁin and antisense chain, and
i by no means limitative of its length. Therefora,
‘unless otherwise indicated, the gene (DRA) of the
present invention includes the double-stranded DNA
inclusive of human genomic DNA, a single-stranded DNA
comprising the oDNA (saensée chain). a single—atraﬁded
DNA having a segquence complementary to said sense chain
(antisense chain), and all fragments thareof.

The representation of amino acids. peptides,
nucleotide seguences, nucleioc acids. etc. by
abbrevations in this gpecification confirms to the

recommendations by IUPAC-IUB, the “"Guidelines forxr
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Preparation of Specifications Ete. which contain
Nuclaotide Segquences or Amine Acid S8equences" (the
Japanese, United States of America and Europeahn Trinity
Patent Office), and the conventions in the use of
symbols in the related field of art.

(1) The p»PS1 gene and its equivalent

The present invention relates to novel human gehes
coding for proteins having actions or functions
identical or egquivalent to the actions or functions of
the p53 protein.

The gena according to the present inventlon has
been acquired by ¢arrying out a PCR using primers newly
established after energetic explorations using
specific regions selected from the sequences of the
hitherto-known p53 gene and p73 gene with judiciocus
endeavors.

More particularly, by aarxyir_ug out a PCR using the
novel primers described in Examples which appear
hereinafter, a gene fragment which is not identical but
cimilar to the pS32 gene and p73 gene was obtained. By
ueing this=s DNA fragment as a probe, a cDNA clone coding
for .a navel protein having high homology to the amino
acid sequence of pS3 protein was successfully isclated
from among cDNA c¢lones randomly selected from a human

skeletal muscle cDNA library.
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The calculated molecular mass of the amino acid
sequence deducted from the cDNA thus obtained was abaut
50,894 Da and, therefore, the present inventors named
this ©¢DNA (DNA) "human p51A gene (or briefly, pSi1iA
gene) " and the protein having the aminoe acid sequence
enceoded by this gene "p51A protein (or briefly, pSia
protein)" for convenience's sake.

Subsequent research revealed that the gene encoded
by the p51 ¢DNA clone has alternative splic.ing variantg.
Moreover, an investigation of the pattern of expressien
and production of the transcripts of the gene in variocus
human tissues revealed that the expregsion products
(proteins) exist as splicad chiefly in a shaort farm and
a long form.

‘Based on the amino acid information deduced from
the p51 ¢DNA splicing variants, the shot-form splicing

.variant is the gene (p51A gene) coding for the protain

having said 448 amino acid sequence (molecular mass ca
§0.9 kDPha) and the long-form splicing variant i= a gene
coding for a protein having a 641 amino acid sequence
(molecular mass ¢ca 71.9 kDha) . In this specification,
for convenience's sgsake, the latter gene is callied "human
rE1lB gene (or briefly, pS1B gene)" and the protein

having the amine acid seqguence encoded by said gene

“"human pS1lB protein (or briefly, p51B protein)",
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Ffurthermore, in this specification, said pblA gene
and p51B gane are collectively referred to as "p51 genen”
and the p51A protein and p51B protein are collectively
referred to as "pS5l1l protein®.

Referring to said splicing variant of the p51 gene,
tha existence of a plurality of variants inclusive of
the gene defective aof a part of the TA domain have been
canfirmed.

An investigation of the expression products of
these p51 genes revaealed that the p51 gene produect (pS1
protein)ofiﬂmapresantinventionShowstranscriptional
activation activity, ¢cell growth-inhibitory activity
and apoptosis—-inducing activity whiach are similar te
the activities of the p53 protein. Furthermore, the
expression of the p51 gene in human tissues was found
to be more tissue-spacific than the expressien of tha
p53 gene and, cempared with the expression of the p73
gene which is also tissue-specific, was broader in
tisesue distribution although there was an overlap of
expression pattern between them. Meoreover, the
mutation of the p51 gene was found in the human tumorxr
tissues or tumor cell lines.

The above findings suggested strongly that the
human p51 gene of the present invention is a new member

of the p53 tumor suppressor gene family.
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A= a specific example of the pSl1 gene acaording
to the present invention, there c¢an bae mentioned one
having the DNA sequence possessed by the clones {pSin,
p51B) described in Example 1 which appears hereinafter.

As the gene possessed by the p51A clone, there can
be mentioned the gene (1344 nuclectides) coding for the
448-residue protein of SEQ ID NO:1 in the SEQUENCE
LISTING which appears hereinafter, Specifically, this
is a gene having the nucleotide sequence corresponding
to the 145th ~ 1488th nucleotides of SEQ ID NO:2, which
corresponds toc an open rxreading frame.

The full-length nucleotide sequence of the pPS1A
€DNA congists of 2816 nucleoctides as shown in SEQ ID
NO:2. The pS51lAa gene of the present invention includes
genes containing this nucleotide sequence shown under
SEQ ID NO:2. In the nucleotide segquence shown under SEQ
ID NOC:2, the initiation codon (ATG) isms situated in the
145~147 nucleotide position and the polyadenylation
signal (AATAA) is situated in the 2786-279%1 pesition.

The amine acid saeqguence of the 448B-residue pS1iAa
protein encoded by the pS1A gene is shown under SEQ ID
NO:1. As shown, this protein has a transcriptienal
activation domain corréesponding to the amine acid
numbers 1~5¢, a DNA binding domain corresponding to the

amino acid numbers 142~321, and an oligomerization
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doemain corresponding to the amino acid numbers 353~397.
The homolegy ©f each of said domains of the PS51A
.érotein to the corresponding domain of the known
proteins p53 or p73 was investigated with FASTA Program
using the GC6 software (Wisconsin Segquencing Package,
Genetics Computer Group) [Person, W. R. and Lipman, D.
J., Proa. Natl. Acad. Sci. U.S.A., 85, 1435-1441 (19a6) ] .
The results are shown in Table 1 (cf. Figs. 1 and 2) .
For reference, the homologies between p53 protein and
P73B protein as datermined b& the same method arxe also.

shown in Table 1.

Table 1
Full-length |[Transcription |DNA binding | Oligomeriza-
segquence . |activation domain tion domain
domain )
P51A6pS53 368 228 €0% 37%
PS1AeP738 42% 30% 87% 65%
p53 «p73 288 27% 63% 83%

On the other hand, as the gene possessed by the
PS1B clone, there <can be mantioned a gene (1923
nucleoctides) coding for the 64l-residue protein shown
under SEQ ID NRO:4 in the SEQUENCE LISTIﬁG given
hereinafter. Specifically, this is a gene having the
nucleotide sequence identified by the nuclecotide
numbers 145~2067 of SEQ ID NO:5, which corresponds to
an open reading franme.

The rfull-length nucleotide sequence of this pS1B
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cDNA consists of 2270 nucleotides as shown under SEQ
ID NO:5. The pS1B gane according to the present
invention includes genes containing the nucleotide
sequence shown under E8EQ ID NO:S.

The amino ac¢id sequence of the 64l-residue pbH1B
protein ancoded by the pS51EB gene is shown under SEQ ID
NOo:4. This protein has a transcripticenal activatien
domain corresponding to the aminoe acid numbers 1-~59,
a DNA binding domain corresponding to the amino acid
numbers 142~321, and an oligomerization domain
corresonding teo the amino acid numbers 353~397. én
addition, there is an additional sequence (SAM domain)
in the C-terminal region, although the corresponding
amine acid numbers cannot be identified. In this
gcpecification, the region of amino aagid numbers 353~641
inelu=sive of this SAM domain is regarded as an
cligomerization doemain in a broad sense.

As in the case of the pSl1la proﬁeih, the homeleogy
of the amineo acid sequence of each of said domains aof
tha p51B protein to the sequence of the corresponding
domain of the known protein p73a was investigated with
FASTA PROGRAM using GCG software. The results are shown
in Fig. 3. In Fig. 3, the hoxed parts are amine acid
segquenceaes common to the p51B protein and p73a protein.

It is, therefore, clear that the amine acid sequence
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of the p51B protein according to the present invention
is homalegous to the sequence of the p73a protein over
a broad range.

Thus, the p51 gene according to the present
invention includes a human p51A gene having a nucleotide
sequence coding for a protein having the amino acid
cequence shown under S8EQ ID NO:1 and a human p51B gene
having a nucleotide sequence coding for a protein having
the amino acid geguence shown under SEQ ID NO:4.
However, the p51 gene of the inventidn is not limited
to those ganes but includes all homolegs of those human
pSl genes.

The term "homeleg of human pS5l gene'" means any
member of a group of interrelated genes which are
analogous to said pSlA gene or pS51BE gene in the
nucleocotide seguence and/or structural features and gene
expression pattern or mnalogous to e;ch other in the
biolegical functions of their own and gene products
(proteins) and, as such, may be regarded as constituting
one gene family. In this sensa, splicing variants and
alleles of the human p51 gene are, of course, subsumed
in tha concept of said "hamalog".

As an example af s8aid homolog, there c¢an be
mentioned a gene which codes for a protein having an

aminoe acid sequence resulting from the mutation or
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modification of one or a plurality of sites of the amino
acid segquence shown under SEQ ID NO:1 and having actions
or functions similar to those of sald p51A protein

. having the amino acid sequence shown under SEQ ID NO:1.
The preferred is a gene coding for an amine acid sequence
retaining at least a given degree of homology to the
amino acid sequence shown under SEQ ID NO:1.

The degree of homology in amino acid seduence may
generally be net less than about 46%, preferably not
less than about 50%, in terms of the full-length
sequence as determined with FASTA PROGRAM using said
GCG zoftware. Preferably, the homology should be not
less than a given value in at least one of the
transcripticocnal activation domain, DNA binding domain
and oligomerization doemain. For example, the homology
in the transcriptional activation demain may be abeut
35% or higher, preferably ncot less than 45%, the
‘homology in the DNA binding doqain may be 88% or higher,
preferably not less than about %0%, and the homology
in the oligomerization domainmay be about 70% o»r higher,
preferakly not less than about 80&.

Thus, the gene ¢f the present invention includes
any gene having a nucleotide sequence coding for a
protein.having an amino acid sequende derived £roem the

sequence of SEQ ID NO:1 by deletion, subatitution or
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addition of one ~ a few or a plurality of amino acids
on condition that the above-mentioned qualifications
are satisfied.

The extent of "deletion, substitution or addition
of amino acids" and the site or sites involved are not
particularly restricted inasmuch as the protein so
modified is functionally equivalent to the protein
(P51A protein or pE1R protein) having the amino acid
sequence of SEQ ID NO:1 or 4. Thus, the term "pS1
activity" as used in this specification means the
activities and functions possessed by the P51 protein,
represented by pS1A protein or psim protein, of the
present invention, thus including tumoer cell growth
inhibitory activity, apoptosis—-inducing activity and
transcriptional regulation function in cells, among
cothaers.

The p51 protein ¢©f the present invention is=s
consldered to have actions similar to those of the pPS5S3
protein which is known te be a cell proliferation
inhibitory factor. Therefore, the term "p&1 activity
as used in this specification referring to the actions
and functions of the p51 protein may be restated in the
same terms as applied t; the known activities and
functional features of thae pS53 protein.

As the actions and functions of the P53 protein,
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there may be mentioned a transcriptional regulation
functien, a signal transduction function which is
expressed through its binding to other intracellular
proteins, the function as a component of the protein
complex related to DNA replication, a DNA binding
funetion, axconuclease activity, ete., and as the
functions expressed by the composite interplay of said
various functions, a cell cycle interrupting function,
an apoptesis-inducing function, a DNA repairing
function, a DNA raplication contrel function and/or a
differentiation-induc¢ing funetion in cells. It is
considered that the pS1 protein of the present invention
has some or all of these actions and functions.

The modification of an amino acid sequence may be
spontaneocous, e.g. spontanecus mutatiaon or
posttranslational modification, but can be
artificially induced on the basis ¢of a native gene.

The present invention encompassés all modified
genes coding for proteins having the above-mentioned
characteristics of the p51 protein of the invention
without regard to the cause or means of mutation oxr
modification.

The means for making such artificial modifications
includes genetic engineering techniques such as

site-specific (~directed) mutagenesis [Methods in
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Enzymology, 184: 350, 367-382 (1987); ditto 100: 468
(1983) ; Nucleic Acids Res., 12: 9441 (1984);:; Zoku
Seikagaku Jikken Keza 1 “YIdenshi Kenkyuho II®
[Experimental Biochemistry Series 1 “"Methods for Gene
Research II" (edited by Japanese Biochemical Society) .,
pPloS5 (1986)]1, etec. and chemical synthetic techniques
such as the phosphotriester method and the
phosphoamidate method [J. Am. Chem. Sce., 89: 4801
(1967); ditto 91: 3350 (1968); Science, 150: 178 (1968) ;
Tetrahedron Lett., 22: 1859 (1981); ditto 24: 245
(1983)] as well as a suitable combination ¢f such
technigues. More specifically, DNA synthesis can be
carried out chemically by the phosphoramidide method
or the triester method, or on a cemmarcial autematic
oligonucleotide synthesizer. The doubkle-stranded
chain fragment can be obtained by synthesizing
complemantary chaine and annealing them together under
suitable canditions or can be ocbtained from a chemically
synthesized siﬁgle—stranded chain by adding a
complementary c<hain using a DNA polymerase together
with suitable primer sequences.

As speacific examples of the gene of the invention,
there c¢an ba maentioned the gene having a nucleotide
sequence correspon@ing to the nucleotide numbeaers

145~1488 of the nucleotide segquence shown under SEQ ID
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ﬁo:z and the gene having a nucleoctide sequence
corresponding to the nuclectide numbers 145~2067 of the
segquence of SEQ ID NO:5. Each of these nucleotide
sequences represants an example of combination of the
codons coding for the respective amine acid residuce
of the amino acid sequence shown undex SEQ ID NO:1l or
q. Therefore, the gene of the present invention is not
limited to genes having such specific nucleotide
sequences but may have nucleotide sequences designed
by using a combination ¢f opticnal codons for each amino
acid residue. Selection of codons c¢can be made in the
routine mannex, for example with reference to the
fraegquenay of utilization of each codoen by the hest to
be used [Nucleic Acids Res., 2, 42 (1981)1.

Furthermore, as mentioned above, the gene of the
present invention includes a nuclectide sequence having
a defined degree of homology to the nucleotide sequence
corresponding to the nucleocotide numbers 145~1488
[hereinafter sometimes referzred to bgiefly as the
nucleocotide sequence (145-1488)] of the nucleotide
seguence shown under SEQ ID NO:2.

As an example of such gene, there can be mentionead
a gene having a nucleotide segquence capable of
hybridizing with a DNA having said nucleotide sequence

(145-1488) under stringent conditions, for example in



H
a2
&

i

32

0.1% sps-containing 0.2 x EBSC at 50°C or in 0.1%
sps—-containing 1 x SSC at 60°¢C.

The gene of the present invention can be easily
produced and acquired by the standard genetic
engineering techniques (Molegcular cloning 2d Ed, Cold
Spring Barbor Lab. Press (1989) ; 2oku Seikagaku Jikken
Koza 1 "Idenshi Kenkyuho I, IX, ITI1I" (Supplemental
Rioochemical Experimental Series 1 “"Methods for Gene

Researah I, II, III" (edited by Japanase Biochemical

Society), (i1986), etc.] based on the seguence

information on the specific examples shown in SEQ ID
NO:2 -

More particularly, the object gene can be acquired
by constructing a <DNA library from a suitable source
in which the gene of the inventien can be expressed and
selecting the desired clone from this cDNA library using
a suitable probe or antibody speaifia to the gene of
the invention in the per se known manner [(Proc. Natl.

Acad. Sci.., USA., 78: 6613 (1981); Sgience, 222: 778

(1983) , etc.].

In the abova procedure, the cDNA source includes
but is not limited to various cells or tissues in which
the gene of the invention is expressed and cul tured
cells derived therefrom. Isolation of the whole RNA

from such a seurce, isolation and purification of mRNA,
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acquisition of éDNA, and cloning thereof can all be
carried out in the routine manner. c¢DNA libraries are
also commercially available. ITn the practice of the
present invention, such commercial ¢cDNA libraries, for
example those available from clontech Lab. Inc., can
also be employed.

The methed of screening for the gene of the
invention from a ¢DNA library is not particularly
restricted, either, but the aonventional methods can
be gelectively employed.

To be specific, selection of a cDNA clone by an
immunoscreening tachnique using =2 specific antibody
against the protein produced by the cDNA, tha plaque
hybridization or colony hybridization technique using
a probe having a selective binding affinity for the
objective DNA sequence, or a caoambination thereof can
be mentioned by way of example.

As to the praobe ;oxnausediJmthe above procedure,
it is generally advantageous to use a DNA chemically
synthesized according to the nucleotide seqguence
information on the gene of the present invention but
the very gene ¢of the inventi;n which has already been
acquired or a fragment theresof can of course be used
with advantage as said preobe. Furtharmore, the sense

primer and antisense primer establicshed based on the
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nucleatide seguence information on the p51 gene of the
precent invention can be used as the screening probe.

For acquisition of the gene of the invention,
DNA/RNA amplification by the PCR method [Science, 230,
1350 (1985)] or a modification thereof can also ba used
with advantage. Particularly under circumstances
where a full-length c¢DNA can hardly be obtained from
a library, the RACE [rapid amplificaticon of cDNA ends])
method [Jikken Igaku (Experimental Medicine), 12(6):
35 (1994)]1, in particular the 5 ' =RACE method {Frohman,
M. A., et al., Proc. Natl. Acad. Sci., Usa., 8: 8898
(1L988)1, can be uged with advantage.

The primers for use in such PCR methods can be
judiciously established according  t¢ the sequence
infermation on the p51 gene of-the invention which has
peen uncovered in accordance with the present invention
and can be synthesized by the conventicnal procedure.
Isolaéion and purification of the amplified DNA or RNA
fragment can be carriaed out by the conventional
technigues as mentioned hereinbefore, for examﬁle by
gel electrophoxesis or hybridization.

The nucleoctide sequence of the p5l1l gene of the
present invention or any of the various DNA fragments
which can be obtained as above can be determined in the

routine manner, for example by the dideoxy method [Froc.



Natl. Acad. Sci., USA., 74: 5463 (1L977)1, the
Maxam-Gilbert methoed [Methods in Enzymolegy, £5°: 499
(1980) ] or, more expediently, by means of a commeraial
sequencing kit.

Wwith the p51 gene of the present invention, for
example by utilizing a partial oxr full-length
nucleotide sequence of this gene, the expression or
non—-expression of the p51 gene of the present invention
4imn a human or other individual baoady or various tissues
thereof can be specifically detected.

This detection can be made in the routine manner.
For example, detarmination at the cellular level by RNA
amplification by RT-PCR [reverse transcribed-
Polymerase chain reaction; E. 8. Xawasaki, et al.,
Amplification of RNA In PCR Protocel, A Guide to methods
and applications, Academic Press, Inc., San Diego,
21-27 (1991)1, Neorthern blotting analysis [Molecular
cloning,0o1d8pringaarborLab.(1989)1,;gsitunmepcn
[Nucl. Acids Res., 21, 31%59-3166 (1993)] or in =2itu
hybridization, the NASBA method [nucleic acid
sequence-based amplification, Nature, 3sa0, 91-92
(1991{] and other technigues can be mentioned. The
prefefred i the RT-PCR-8S8SCP metheod.

The primers for use in the PCR procedure are net

particularly restricted inasmuch as the p51 gene
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{(inclusive of a partial DNA) of tha‘prasent invention
can be specifically amplified, and can be judiciocusly
established on the basis of the sequence information
on the p51 gene of the invention. Usually, foxr example,
primers each having a partial sequence ¢©f the pSl gene
of the invention and a lengéh ranging from about 10 te
35 nucleotides, preferably 15~30 nucleotides, can be
employed.

Thus, the gene of the present invention includes
DNA fragments which can be uUsed as specific primers
and/or specific probes for detection of the human pS51
gene of the invention.

Such a DNA fr#gment can be defined as the DNA
characterized by its capability to hybridize with a DNA
having said nucleotide sequence‘(lds—ldae) under
stringeﬁt aonditions. The stringent conditioens
mentioned above may be the gonventional conditions used
for primers and probes and, for that matter, not
particularly restricted but the above-mentioned
conditions, namely 0.1% 8SDS-c¢containing 0.2 x 88C at 50°cC
or 0.1% SDS-containing 1 x 8SC at 60°C, can for example
be mentioned.

with the human p51 gene of tha present invention,
the protein comprising the corresponding gene product

(p51 protein) can be produced easily, on a large sc¢ale,
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and with goqd reproducibility by utilizing the
conventional genetic engineering technoelegy.
(2) The p51 protein

The present invention, therefore, provides the p51
protein encoded by the above-described gene of the
invention.

AS specific examples of the protein of the present
invention, there can be mentioned the p51A protein
having the amino acid sequence shown under SEQ 1ID NO:1

and the protein designated as the p51B protein which

has the amino acid sequence shown in SEQ ID NO:4. It

should, however, be understood that the protein of the
present invention is neot limited to said pSlA protein
and pS1B protein but includes their homologs. The
homelog in this context includes the protein hawving an
amino acid sequence derived £from each of said amino acid
sequences by deletion, substitution or addition of one
~ a faw or a plurality of amino acids and having said
PS5l activity. Mora particularly, the gene products of
said pS1 gene homologs (PS51l-related genes including
spliecing variants and alleles) can be mentioned.

The protein of the present invention can be
prepared by the conventional recombinant DNA taechnology
[e.g. Science, 224, 1431 (1984) ; Biochem. Bicophys. Res.

Comm., 130, 692 (1985):; Proc. Natl. Acad. Seci., USA.,
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80, 990 (1983), atc.] based on the human p51 gene
sequeﬁceinfbrmationprovidedlnrthepresentinvention.
(3) The polypeptide containing one or more functional
domaings of the p51 protein

The present invention is further directed to a
polypeptide containing a partial region of =aid p51
protein.

The polypeptide preferably has the amino acid
sequenace corresponding to any of sald various
functional *regions of the p51 preotein and, specifically,
there can be mentioned a polypeptide having an amino
acid sequence corresponding to at least one domain
saelected from the group consisting of the
transcriptional activation demain, DNA binding demain
and cligomerization domain of the p5l1l protein.

As mentioned above, the locations of the
transcriptianal activation domain, DNA biﬁding domain
and oligomerization domain of the p51 protein can be
identified by the amino acid numbers 1~58, the amino
acid numbers 142~321 and the amino acid numbers 358~387,
respectively, of the amino acid sequence of the p51lAa
protein which is shown under €EQ ID NO:1.

Therefore, the polypeptide of the present
invention includes the following.

(i) A polypeptide having the amino acid sequence
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corresponding to the amino acid numbaers 1~59 of SEQ ID
NO:1 (hareinafter referred to briefly as amino acid
sequence 1 (1-59)) and its egquivalent.

The egquivalent mentioned just above includes any
pelypeptide having an amino acld sequence derived from
said amino acid seqguence 1 (1-59) by deletion,
substitution or addition of one or a plurality of amino
acids and having a transcriptional activation function.
The extent of modification or mutation of the amino acid
sequencea is not particularly restricted inasmuch as the
modified polypeptide retains said transcriptional
activation function. Preferably, however, the
homogeneity of the sequence 5o modified to the amino
acid sequence 1 (1-59) is not less than about 35%,
particularly not leass than 45%.

.(ii) A polypeptide having an amino acid seqguence
identified by the amino acid numbers 142~321 of SEEQ ID
NO:1 (heraeinafter referred teo bBriefly as amino acid
sequence 1 (142-321)) and its eqguivalent.

The equivalent mentioned above includes any
polypeptide having an amino acid seguence derived from
the amino acid seguence 1 (142-321) by deletion,
substitution or addition of one ox a plurality of amino
acids and having said DNA binding function. The extent

of modification or mutation of the amine acid sequence
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is not particularly restricted inasmuch as the sequence
as modified retains DNA binding activity but the
sequence preferably has a homology of not less than
about 88%, more praeferably not less than 90% with
raspect to the amine acid sequence 1 (l142-321) .

(iii) A polypeptide having an amino acid sequence

identified by the amino acid numbers 353~397 of SEQ 1ID

NO:1 (hereinafter referred to briefly as amino acid
sequence 1 (353-397) and its equivalent.

This equivalent includes a polypeptide having an
amino acid smequence derived from said amine acid
sequénce 1 (353-397) by deletion, substitution or
addition of one or a plurality of amino acids and having
an oligomerization function, for example the
cligomerization domain in a broad sense (i.e. the amino
acid numbers 353~641 of SEQ ID NO:4) of the p51 protein.

The extent of modification exr mutation of the amino acid

seguence 12 not particularly restricted inasmuch as the

sequence so modified retains the oligemerization
functien but preferably retains a homeology of not less
than abcuﬁ 70%, more preferably noﬁ less than BO%, with
respect to the amino acid sequence 1 (353-397) .

The polypeptide of the present invention may be
a pelypeptide which contains any of said amino acid

sequence 1 (1-59) exr an equivalent thereof, said amino
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acid sequence 1 (142-3221) or an eqﬁivalent thereof, and
gsaid amino acid segueaence 1 (353-397) or an egquivalent
thereof in one region or a polypeptide which contains
two or mere of said aminoe acid sequences in an optional
combhbination either as a continuocus region or a
discontinuous region.

The present invention further includes genes (DNA)
having oligonucleotide sequences coding for such
pelypeptides. More particularly, the nucleotide
sequence coding for said amine acid sequence 1 (1~5§)
is the nucleotide seqguence corresponding to the
nucleocotide numbers 145~321 of SEQ ID NO:2; tha
nucleotide sequence coding for said amine acid segquence
1 (142-321) is=s the nucleotide sequence corresponding
to the nuclectide numberxrs 568~1107 of SEQ ID NQO:2; and
the nucleotide sequence coding for said amino acid
sequence 1 (353-397) is the nucleotide sequence
corresponding te the nucleotide numbers 1201~133§5 of
SEQ ID NO:2.

(4) Method of producing the pS$1l protein and the
ﬁaterials for use in its production

The present inve?tion further provides a method
of producing said P51 protein and the materials to be
used for its production, for example, a vector harkoring

said gene and host cells transformed with said vector.
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More particularly, the production of said pratein
is carried out in accordance with the procedure which
comprises constructing a regcombinant vector
(expression vector) in which the gene coding for the
desired proteéain may be expressed, transforming host
cells with the rasulting construct, cultuxing tha
transformant thus ocbtained, and harvesting the desired
protein from the culture oﬁtained;

As said host cells, whichever of eucaryotic cells
and p:ooaryotié cells can be employed.

The eucaryotic hoét cgells include cells of
vertebrae and yeasts, among others. Among the former
cells, the monkey cell line COS [Cell, 23: 175 (1981)1,
Chinese hamster ovarian cells and the dihydrefelate
reductase~defective line thereof [Preoec. Natl. Acad.
Sci., USA., 11: 4216 (1980)] can be mentioned as

examples. As to the latter cells, cells of yeasts

belonging teo the genus Sagcharomyges <an be mentioned

as examples but these are not exclusive choices.

Astheprocaryctichost,variousprocaryoteswhich
are commonly employed, such as Escherichia celi and
Bacillus gubtilis, can be liberally employed. The
preferred host cells are those derived from Escherichia
coli, particularly cells of E. gcoli Kl2.

The expression vectar is not particularly
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restricted inasmuch as it harboxs the géne of the
présent invention and permite expression of saild gene
put is generally selected with reference to the kinds
of heet cells.

tWthen cells of a vertebrate are used as host cells,
generally an expression vector having a promoter region
upstream of the gene of the inventi'on, RNA splicing site,
polyadenylation site and transcription termination
sequence <can be used and, where neaessatry, it may
fFurther include a replication erigin. Ag an example of
such expression vecter, pSv2dhfr [Mel. Cell. Biol., 1,
854 (1981)] having the early promoter of 8V40 can be
mentioned.

When cells of eucaryotic microerganisms such as
yeasts are used as hot c¢cells, the exprassion vector
which can be used includes pAME2 [Proc. Natl. Acad. Sci.,
USA., 80, 1 (1983)] which has the promoter of the aaid
phosphatase gene, and the vector for use in the present
invention can be prepared by inserting the gene of the
invention upstream ¢f this promoter. Preferably, a
fusien vector obtainable by hybridization with a
procaryotiec gene can be used and, as specific examples
of such vector, PGEX-2TK and pGEX-4T-2 each having a
GST domain with a molecular weight of 26000 (derived

from S. Jjaponicum) c¢an be mentioned.
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When procaryotic cells are used as hest cells, the
expression vector may for example be a vector equipped
with a promoter region and 8D (Shine—-Dalgarno) sequence
upstream of the gene so that the gene may be expressed
therein and further an initiation codon (e.g. ATG)
necegssary for the initiation of protein synthesis.
éarticularly when cells of Escherichia gali (e.g.
Escherichia coli K12) are used as host cells, generally
PBR322 ms such or modified is often used as the vector.
However,thesea:enotexolusiveuhoicesbutotherknown
bacterial strains and known vectors can also be employed.
As the promoter, tryptophan (trp) promoter, 1lpp
promoter, lac promoter, PLL/PR pramater, etac. can be
employed.

The method ¢f introducing said expression vector
intoe the host cell (transeformation method) is not
particularly restrictéd, either, but various
standardized methods can be utilized.:

culture of the resultant transformant can alse be
paxrformed in the reutine manner. By such culture, the
object protein encoded by the gene of the invention is
expressed, produced, and accumulated in the
transformant cell or secreted extracellularly or on the
cell membrane.

The medium for said culture can be judiciously
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sclected from among the conventional culture media
according to the type of host cells adopted, and cul ture
can also be carried out under conditions suited for
growth of the host cells.

The recombinant protein thue produced can be
optionally isolated and purified by various iselation
procedures utilizing its physical, chemical or other
properties (Seikagaku (Biochemical) Data Book II,
pp-1175-1259, 1st Ed., 1st Impression, June 23, 19BO,
Tokyo Kagaku Dojin: Biochemistry, 25(25) : 8274 (1986) ;
Bur. J. "Biochem., 163: 313 (1887); etc.].

The procedures mentioned above specifiéally
include éhe standard recenstitution treatment,
treatment with a protein precipitating agent (salting
caut), centrifugation, osmotiec shock method, sonic
dieruption, ultrafiltration, various kinds of
chromatography, e.g. molecular sieves chromatography
(gel filtration), adscorption chfomatography, ion
exchangechromatography,affinitychromatography,high
performance liguid chromatography (HPLC), etc.,
dialysis, and their combinatioens. The particularly
preferred procedﬁre is affinity chromatography using
a column conjugated with a specific antibody against
the protein of the inventioen.

In the designing of the object gene coding for the
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protein of the invention, the nucleotide sequence of
the human pS1A gene as identified by the nucleotide
sequence (145-1488) in 8EQ ID N©:2 oxr the nucleotide
seguence of the human p51B gene as identified by the
nuclectide sequenae (145-2067) 1in S8EQ ID NO:5 can be
utiliged with advantage. If desired, this gene may be
used with the codons designating respective amino acid
residues judiciously changed.

Furthermeore, the partial modification of the amino
acid sequence encodad by the human p51A gene or human
éslﬁ gene by the substitution, deletion or addition of
‘some of the amino acid residues or a given partial
sequence can be achieved by the various techniques
mentioned hereinbefore, for exampla by site-specific
mutagenesis.

The protein of the present invention can be
synthesized by the standard technology for chemical
synthesis in acocordanca with the aﬁino acid sequenae
shown under SEQ ID NO:1 or the aminec acid sequence shown
under BEQ ID NO:4. This technology includes the
ligquid-phase and soclid-phase methods for peptide
synthesis.

More particulaxly, the synthetic technology
inecludes the so-called stepwise elongation method in

which one amino acid after another is segquentially
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coupled together in accordance with the amino aecid
sequence informationm and the fragﬁent candensation
method in which fragments each consisting of sgseveral
.amino acids are synthesized in advance and then coupled
together. The polypeptide of the present invention can
be synthesizaed by whichever of the above alternative
methods.

The condensation method for use in the above
peptide synthesis may also be the conventional one,
which includes but is not limited to the azide method,
mixed acid anhydride methed, DCC method, activated
ester method, redox method, DPPA (diphenylphosphoryl
azide) methad, DCC + additive (l-hydroxybenzotriazole,
N-hydroxysuccinamide, N-hydroxy-5-nerbornene-2,6 3-
dicarboximide or the like) method, and Woodward's
method.

The solvent foxr use in these methods can also be
judiciously selected from among the common scolvents
which are well known to those skilled in the art of
peptide condensation. As examples, N,N-
dimethylformamide (DMF), dimethyl sulfoxide (DMEO),
hexaphosphoramide, dioxane, tetrahydrofuran (THF),
ethyl acetate, ete. and mixed solvents thereof.

The carboxyl groups of aminoe acids or peptides

which are net to be involved in the reaatien for said
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peptide synthesis c¢an be protected generally by
esterificatién, Ffor example in the form of a lower alkyl
ester, e.g. methyl ester, ethyl ester, tert-butyl ester
or the like, or an aralkyl ester, €.g. benzyl ester,
p-~methoxybenzyl ester, p—-nitrobenzyl ester or the like.
The amino acid having a functional group in its
side chain, for example the hydroxyl group of the
tyrosine residue, may be protected with an‘acetyl,
benzyl, benzyloxycarbonyl, tert-butyl or other greup,
although this protection is not indispensable.
Furthermore, the guanidino group of an arginine residue,
for instance, ¢an be protected with a suitablé
protective group such as nitre, teosyl, p-methoxy-~
benzenesulfonyl, methylene-2-sulfeonyl, benzyloxy-
carbonyl, isobornyloxycarbonyl, adamantyloxycarbaonyl
or the like. i
Thedeprotgctionreactiomsofsuchprotectedamino
acids, peptides and eqd Preduct protein of the present
invention for removal of the protective groups can also
be carried out by the conventional method, for example
the catalytic reduction methed or the method using
liguid ammonia/sodium, bhydrogen fluoride, hydrogen
bromide, hydrogen chloride, trifluorocacetic acid,
acetic acid, formic acid, methanesulfonic acid or the

Jike.
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The protein thus produced can be purified by the
procedure which 18 conventionally utilized in the field
of peptide chemisgtry, such as said various methods, such
as ion exchange cechromatography, partition
chromatography, gel permeation chromatography,
countercurrent distribution, etc.

The protein of the present invention can be used

with advantage as an immunogen in the preparation of

a specific antibody to the pSl protein, and by using

such an immunogen, the desired antiserum (polyclonal
antibody) and monoclonal antibody cean be acquired.

The antibody production technology as such is wvell
understood by those skilled in the art and, in the
p?actice of the presént invention, toco, the
conventional methods can be utilized [e.g. Zoku
seikagaku Jikken Koza (Supplemental Biochemical
Experimental Series), Methods for Im@unobiochemical
Research, ed. by Japanese Biochemical Sbciety (1986) 1.
The antibody thus cbtained can be used with advantage,
for example in the purification of the p51 protein and
the immuneclogical assay or characterization of the
protein.

Furthermore, the protein of the present invention
finde application in the pharmaceutical field, in the

manufacture of pharmaceutical products containing it
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as an active component.
(5) Pharmaceutical compositions containing the pS51
protein

The present invention, therefore, is further
directed to said pharmaceutical products containing the
protein of the invention.

The protein mentioned above includes its
pharmaceutically acceptable salt. Such salt includes
nontoxic alkali metal, alkaline earth metal and
ammonium salts, such as sodium, potassium, lithium,
calcium, magnesium, barium and ammonium salts.
Furthermore, said salt includes nontoxic acid addition
salts obtainable by reacting the peptide of the
invantion with a suitakle orxrganic or inorganiec acid.
The representative nontoxic acid addition salts are the
hydrochloride, hydrobromide, sulfate, bisulfate,
acetate, voxalate, valerate, oleate, laurate, borate,
banzocate, lactate, phosphate, p—toluéﬁesulfonate
(tosylate), citrate, maleate, fumarate, succinate,
tartrate, sulfonate, glycaelate, ascorbate,
benzenesulfonate and naphthalate, among others.

The present invention further comprises a
pharmaceutical composition or dosage form which
contains a pharmacologically effective amount of the

protein of the invention as an active ingredient
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together with a suitable nontoxic pharmaceutjical
carrier or diluent.

The pharmaceutical carrier which can be utilized
in said pharmaceutical composition (or dosage form)
includes the diluents and excipients which are commonly
used according te the mode of use of the phérmaceutical
preparation, such as filler, volume builder, kinder,
humectant, disintegratoxr, eurfactant, lubricant, etc.,
and thes‘e are gselectively enployed according to the unit

dosage form of the pharmaceutical preparation.

vu g
HEH

The particularly preferred pharmaceutical

preparation of the present invention is produced by

oo
i

using various formulating substances whiaeh cecan be

]
il

incorporated in the conventional protein preparation,
such as the stabilizer, bactericide, buffer,

isotonizing agent, chelating agent, pH control agent,

gurfactant, etec., in suitable proportions.

The stabilizer mentioned above inciudes but is not
limited to human gsexrum albumin, ordinary L-amino acids,
saccharides and cellulose derifatives and these can be
useaed independently or in combination with a surfactant
or the like. Particularly in the combination use, the
stability of the active ingredient can be further
improved in certain cases.

The L-aminc acide mentioned above are not
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particularly restricted but may be glyecine, cysteine,
glutamic acid and so on.

The saccharides mentiened above include
monosaccharides such as glucose, mannose, galactose,
fructose, e@tc., sugar alcochols such as mannitel,
inositol, xylytel, etc., disaccharides such as sucrose,
maltose, lactose, ete., polysaccharides such as dextran,
hydroxypropylstarach, chondroitin sulfate, hyaluronic
acid, etc., and their derivatives.

Thé surfactant is not particularxrly restricted,
eithér. Thus, ionia surfactants and nonieonie
surfactants, such as surfactants in the polyoxyethylene
glycol sorbitan alkyl ester, polyoxyethylene alkyl
ether, sorbitan monocacyl ester and fatty acid glyceride
series can be mentioned.

The cellulose derivatives are net particularly
restricted, eithar, but methylcellulqse, ethyl -
cellulose, hydroxyethyicellulose, hydfoxypropyl—
cellulose, hydroxypropylmethylcellulose,
carboxymethylecellulose sodium, etc. ¢can be mentioned.

The suitable level of addition of the saccharide
per 1 pg of the active ingredient is not less than abouﬁ
0.0001 mg,'preferably about 0.01~10 mg. The level of
addition of the surfactant per 1 png of the active

ingredient may suitably be not less than about 0.00001
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mg, preferably about 0.0001~0.01 mg. The level of
addition of human serum albumin per 1 ng of the active
ingredient may suitably be not less than akout 0.0001
mg, preferably somevhere within the range of about
0.001~0.1 mg. The level of addition e¢f gaid amino acid
per pg of the active ingredient is suitably about
©0.001~10 mg. The level of addition of the cellulaose
derivative per pg of active inggedient is sultably not
lese than about 0.00001 mg, preferably about 0.001~0.1
mg .-

The amount of the active ingredient in the
pharmaceutical desage form can be liberally selected
from a broad range but can be judiciously selected fram
the range of generally about 0.00001~70 weight %,
preferably abéut 0.0001~5 weight %.

The pharmaceutical dosage form of the present
invention may be supplemented withAvg;ious additives,
sueceh as a buffer, an isotonizing agenﬁ, a chelating
agent, etc. The buffer mentioned above includes boric
acid, phospheric acid, acetic acid, citric acid, e-
aminocaproic acid, glutamic acid, etc. and/or the
correspending salts (alkali metal or alkaline earth
metal salts, e.g. sodium salt, potassium salt, calaium
salt, magnesium salt, etc.). The isotonizing agent

includes but is not limited to sodium chloride,
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potassium chloride, sugars and glycerin. The
chelatingagentincludessodiumedetateandcitricacid,
among others.

The pharmaceutical composition of the present
invention can be used not only as it is in the form of
a solution but also provided in the form of a lyophilized
product which can be preserved and extemporanecusly
reconstituted with water or a buffer solution inclusive
of physiclegical saline to a sultable concentration.

The unit dosage form for the pharmaceutical
composition of the prgsent invention ¢an be selected
from various alternatives according to the therapeutic
purpese, and inaludes sclid dosage forms, such as
tablets, pills, powders, fine powders, granules,
capsules, etc. and liquid dosage forms, such as
solﬁtions, suspensions, emulsions, syrups and elixirs.
These dosage forms cah be further classified as the oral,
parenteral, transnasal, vaginal, rectél {(suppository)
and sublingual dosage forms, ointments and other
preducts, and each product can be manufactured in
aceordance with the established formulatiaoan and
molding/processing procedure.

Taking the manufacture of tablets as an example,
the pharmaceutical carrier which can be used includes

various excipients such as lactose, sucrose, sodium



55

chlaride, glucose, urea, starch, caleium carbonate,
kaolin, erystalline cellulose, silicic acid, potassium
phosphate, etc.:; binders such as water, ethanol,
propancol, simple syrup, glucose solution, starch
solution, gelatin seolution, carboxymethylcellulose,
hydroxypropylcellulese, methylcellulose,
polyvinylpyrrolidone, etc. disintegrators such as
carboxymethylcellulose sodium, carboxymethylcellulose
calcium, low-substitution-degree hydreoxypropyl-
cellulose, dry starch, sodium alginate, agar peovwder,
laminaran po;der, sodium hydrogencarbonate, calaium
carbonate, etc.; surfactants such as polyoxyethylene
sorbitan fatty acid esters, sodium lauryl sulfate,
stearylmonoglyceride,etc.:disintegrationinhibitors
such ae sucrose, stearin, cacao butter, hydrogenated
oil; etc.; abmorption promoters such as quaternary
ammoniumbases,sodiumiaurylsulfate,etc.;humectants
such as glycerin, starch, etc.; adsorsents such as
starch, lactose, kaolin, bentonite, colloidal silica,
etc.; and lubricants such as purified talc, stearate
salts, boric acid powder, polyethylene glycol and so
on.

Furthermore,tabletsmayoptionalhybecdatedwith
a usual coating material to provide sugar-coated

tablets, gelatin-coated tablets, enteric-—coated
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tablets, film-coated tablets, etc. or even processed
into multilayer tablets such as double-~layer tablets.

Pill= can be manufactured by using various
pharmaceutical cartiers inclusive of excipients such
asgluaose,lactose,starch,oacaobuttez,hydrogénated
vegetabla cil, k#olin, talec, etce.; binderes such as gum
Arabic, tragacanth pewder, gaelatin, ethanol, ete.; and
disintegrators such as laminaran; agar and so on.

Capsules can be prepared by blending the active
ingredient of the present invention with said varidus
pharmaceutical carriers and filling capsule shells,
such as hard gelatin capsule shells or soft capsule
shells, with the resulting composition.

Ligquid dosage forms for oral administration
include pharmaceutically aceceptable salutions,
emulsions, syrups, elixirs, etce. as prepared by using
the conventional inert diluent, such as water, and may
further contain auxiliary agents such as Awetting agents,
emulsifiers and suspending agents. These dosage forms
can be manufactured by the cenventional procedure.

Ligquid dosage forms for parenteral or nonoral
administration, such as steaerile agqueous oxr nonaqueocus
2olutions, emulsions and suspensions, can be
manufactured using a diluent such as water, ethyl

alcohol, propylene glycol, polyethylene glycol,
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ethoxylated isostearyl alcoheol, polyoxylated
isostearyl alcohol, polyoxyethylene sorbitan fatty
acid ester, a vegetable o0il, e.g. olive ©il, and may
be formulated with an injectable orgahic ester, such
as ethyl oleate. Furthermore, such preparations may be
supplemented with the conventional solubilizer, buffer,
wetting agent, emulsifier, suspending agent,
preservative, dispersant and other additives.

Sterilization may be carried out by fililtration
through a bacterial filtaer, formulation of a
bactericide, irradiation, heating or the like.
Furthermore, said preparations can be processed into
sterile solid dosage forms which can be
extemporaneocously dissolved in sterile water or a
suitable sterilizable medium.

In the manufacture of rectal suppesitories or a
dosage form for vaginal administration, there can be
employed a pharmaceutical ointment baée such as
pelyethylene glycol, cacao butter, a higher alcohol,
a higher alcecohol ester, gelatin, semisynthetic
glyceride or the like.

In the manufacture of ointments inclusive of
pastes, creams and gels, there can be employed such
diluents as white petrolatum, paraffin, glycecexin,

callulose derivatives, propylene glycol, polyethylene
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glycol, silicone oil, bentonite and vegetable vils such
as olive oil.

Compositions for transnasal or sublingual
administration can be prepared with the well-known
standard excipient in the conventienal manner.

Where necessary, coloring agents, preservativeas,
flavoring agents, corrigents, sweetenars, and other
medicinal subkstances can be incorporated in the
pharmaceutical products of the present inventien.

The method of administering said pharmaceutical
product is not particularly restricted but should be
judiciously'selected acgording to the dosage form,
patient factors such as age and sex, severity of illneaess
and other factors. For example, said tablets, pills,
solutions, suspensions, emulsions, granules and
capsules are administered orally- The parenteral
product is used alone or mixed with a conventional
infusion, such as a glucose or amino acia infueion, and
administered intraveﬂously or, where necessary,
administered alene intramuscularly, intradermally,
subcutanecusly or intraperitoneally.- The
suppositories are administered rectally: the vaginal
preparation is administered into the vagina. The
transnasal preparation is administered into the

nostrils; sublingual tablets are administered
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puceally; and ointments are teopically administered
transdermally.

The amount of the protein of the invention in the
pharmaceutical product and the dosage thereocf are not
particularly restrictad but can be judiciously selected
from a broad range according to th.e expected therapeutic
effect, administration method, treatment course or
duration, patient factors such as age and sex, and other
factors. Generally, the dosage is usually about 0.01
Hg ~ 10 mg/kg body weight/day, preferably about 0.1 ug
~ 1 mg/kg p.d./day, and this amount can be administexed
ohce or in a few divided doses daily.

(6) Gene therapy

The present invention further provides a method
of gene therapy utilirzing the human p51 gene of the
1nvént1on. This therapeutic method may be regarded as
a method for imparting the wild type pSl1l gene functions
to the cells harboring a mutant p51 gan;. By imparting
the normal functions inherently possessed by the wild
type p51 gene or gene product to cells, neoplastic
growth of the recipient/target cells can be inhibited.
The wild type p51 gene mentioned above can be
transferred into the cobjective cells by means of a
vector or plasmid capable of maintaining the gene

extrachromosomally. In this case, the particular gene
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is expressed from outside of the chromosome.

In introducing the wild type pS1 gene into cells
harboring such a mutant p51 gene to have a normal pb1l
protein expressed in the recipient cells, the pSl genec
need not have a full-length seqguence but may be said
modified gene insofar as the latter has substantiélly
homeologous desired funations with respect to the
unmodified gene. As an alternative, a gene having a
partial sequence retaining certain such functions can
he employed. As an example of the gene mentioned Jjust
aboeve, there can bé mentioned a gena coding for a portian
of pS1 protein which is necessary for nontumorous growth
‘of eells (cell growth inhibition).

The wild type p51 gene or a fragment thereof is
preferably introduced into mutant calls in such as
manner that a recombination will take place with the
endogenocus mutant p51 gene. For such a recombination,
occurrenoce of a double recombination coz;recting for the
p51 gene mutation is said to be reqguired.

The vectors which can be used in the transfer of
the object gene for beth such recombination and
extrachromosomal maintenance of the gene are already
known in the art and any of the known vectors can be
used in the practice of the present invention. For

example, a virus vector or plasmid vector whiah harbors
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a copy of p51 gene linked to an expression control
element and is capable of insuring expression of the
gene product within the target cells can be mentionéd;
As such a vactor, the expression vectors mentioneqd avove
can be generally used but preferably vectors
constructed using such sSource vectors as the vectors
disclosed in US Patent 5252479 and PCT WO 93/07282
(pWP-7A, pwP-19, pWU-1, pWP-8A, pWP-21 and/or pRSVL,
among others) or PRC/CHMV (Invitrogen) . The mofe
preferred are the various virus vectors described
hereinafter.

As the promoter for the vector to ke used in gene
Atherapy,'thesprombters intrinsic teo the target affected
tissues in various diseases can be utilized with
advantage.

Bpecifia aexamples may be cited bhelaw. For the
liver, for instance, albumin, a-fetoprotein, al-

antitrypsin, transferrin, transthyretin, etc. can he

mentioned by way of example. For the colon, carboxyl
anhydrase I, carcinocembrogen antigen, etc. can be
mentioned. For the uterus and plaacenta, estrogen,
aromatase cytochrome P450, cholesterocl side-chain

cleaving P450, 17a-hydroxylase P450, <¢tec. can be

mentioned.

For the prostate, prostatic antiegn, gp9l-fox gene,
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prostate-specific kallikrein, etc. can be mentioned.
for the mamma, exb~-B2, erb—-B3, B-cageéein, B—lactoglobin,
whey protein, etc. ¢an be mentioned. For the lung, the
activator protein € uroglebulin, among others, can be
mantioned. For the skin, K-l4-keratin, human keratin
1 or 6, leucrin, etc. can be mentioned.

For the brain, neuroglia fiber acid protein,
mature astrocyte-specific protein, myelin, tyrosine
hydrexylase pancreatic villin, glucagon, Langerhans
islet amyloid po1ypeptide, etc. can be mentionéd. For
the thyroid, thyroglobin, calcitonin, etcL can be
mentioned. For the beone, al collagen, osteocalcin,
bone sialoglycoprotein, etc. can be mentiened. For the

kidney, ranin, liver/bone/kidney alkaline phosphatase,

erythropoietin, etc. <¢an be mentioned. Fox the

pancrease, amylase, PAPl, ete. can be mentioned.

The.gene (the wholefor a fragment) to be used for
the construction of a gene transafer vectbr can be easily
produced and acquired by the standard genetic
engineering technology based on the nuclectide sequence
infermation about the p51 gene of the invention as
mentioned haereinkbefore.

The introduction of suech a gane transfexr vector
into cells can be carried out by various alternative

techniques known to those skilled in the art, such as



63

electroporation, calecium phosphate coprecipitation,
viral transduction and so on. The cells transformed
with the wild type pSl gene can be used aes they are in
the isclated form as the agent for tumor suppressioen
or inhibition of cancer metastaslis or as a model system
for therapeutics reasearch.

In gene therapy., said gene transfer vector can be
introduced into the tumor cells of a patient by topical
administration to the tumor site or by systemic
administration to the patient by injection. By
systemiec administration, the gene can be caused to
arrive at any tumor cells metastable to other sites.
Tf the transformed c¢eells cannet be permanently taken
up in the chromosomes of the target tumor cells, the
above administration may be repeated periodically.

The method of gane therapy according to the present
invention includes both the in yivo method which
comprises administering a material fé# said gene
transfer (gene transfer vector) directly into the body
and the ex viveo method which comprises withdrawing the
target cells from the patient's body, introducing the
gene extracorporeally, and returning the cells into the
body.

A further possible alternative is a gene therapy

uging a ribozfme which cemprises intraducing the human
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P51 gene directly into cells and alaaving the RNA chain
with the ribozyme which is an active molecule.

The gene transfer vector harboring the human p51
gena of the invention or a fragment thereof and a
gene—-therapeutic agent comprising cells transformed
with the human p51 gene by maans of said vector as an
active ingredient are directed especially to the
therapy of ocancers but the gene therapy (treatment)

mentioned akove can be applied also toe the therapy of

‘hereditary diseases and viral diseases such as AIDS,

as well as for the purpose of gene labeling.

The target agells to which the gene is transferred
can be judiciously selected éccording to the obhject of
gene therapy (treatment). For example, as the target
cells, not only ¢ancer ecells and tumor tissuees but alsoc
lymphocytes, fibroblasts, hepatocytes, hematopoietic
stem cells and octher cells& can be mentioned.

The mathod of introducing the Qené into ¢calls in
the gene therapy includes a viral transfer method and
a non-viral transfer method.

As the viral transfer methad, the method using a
retrovirus vector, for instance, can bae used in view
of the fact that the human p51 gene is a foreign gene
wﬁich ie expressed in normal cells. As other wvirus

vectors, adenovirus vector, HIV (human
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immunodaficiencyvirus)vector,adeno—associatedvirus

(AAV) vector, herpes virus vector, herpes simplax virus

(HSV) vectox and Epstein—-Barr virus (EBV) vector, etc.
can be mentioned.

The non-viral gene transfer metﬁod includes the
calcium phaosphate coprecipitation method; the
membrane-fusion liposome method which comprises fusing
DNA-containing liposomes with an inactivated Sfendail
virus as exposed to UV radiation for gene destruction
to construct membrane-fusion liposomes and intxoducing
the'DNA into celles by direct fusion with the cell
membrane [Kato, K., et al., J. Biol. Chem., 266,
22071—22074(1991)1;themethodwhiﬁhcomprisescoating
the plasmid DNA with geold and introducing the DRNA
physically into cells by high-veoltage discharge [Yang,
N. S. et al., Proc. Natl. Acad. Sei., 87, 2568—-9572
(1990)1; the naked DNA method in which the plasmid DNA
ig directly injected into an .organ or-tumor in yYivo
(Wolf€, J. A., at al ., Science, 247, 1465-1467 (1990)1:
the cationic lipoesome methoed in which tha gene entrapped
in multilamellar positively-charged liposomes are
introduced intoc cells [Yagi, K., Advance in Medicine,
vol. 178, No. 9, 635-637 (19295)]; and the ligand-DNA
complex method in which a ligand whiceh binds a receptor

expressed on the target cells is coupled to the DNA €0
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that the gene may be introduced exclusively into the
selected cells and not into other cells and the
rasulting complex is administered [Frindeis, et al.,
?rends Bietechnel., 1%, 202 (1993):; Miller, et al.,
FASEB J., 2, 190 (1995)]1 among oethexs.

The ligand-DNA complex method mentioned above
ineludes the method which comprisee using the
asialoglycoprotein receptor expressad in liver cells
as the target and an asialogiycoprotein as the ligand
([Wu, et al., J. Biol. Chem., 266, 14338 (1991) ; Ferkol,
et al., FASEB J., 1, 1081-1091 (1993)]1 and the method
which comprises using the transferrin receptor
expressed at a high level in tumorx cells as the target
and transferrin as the l1igand [Wagner et al., Proc. Natl .
Acad. Sci., Usa., 87, 3410 (1990)1, among others.

Furthermore, the gene transfer method which can
be used may be a suitable combination of said biological
and physical gene transfer methods. As such a
combination method, there c¢an be mentioned the method
in which a plasmid DNA having a given size is used in
combination with a polylysine-qonjugated antibody
spaecific to adenovirus hexon protein. Accarding te
this method, the complex formed is bound to the
adenovirus veector and the resulting trimolecular

complex can be used to infect cells and thereby transfer
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tha gene of the present invention. In accordancea with
this method, effective binding, endogenization énd
endosome daegradation can take place before the DNA
coupled to the adenovirus vector 15 damaged. Moreover,
said liposome/DNA complex may mediate the gene transfer
in viwo.

The method of constructing & virus vector for
tranefer of the gene of the invention and the method
of intreducing the gene into the target cells or target
tissue are now described.

The retrovirus vector system éomprises the virus
vector and helper~cells (packaging cells). The helper
aells mentioned above are cells in whiach genes such as
retrovirus structural protein gag (the structural
protein in the virus particle), pol (reverse
transcriptase) and env (shell protein) have been
expressed but have not formed virus particles. on the
lqther hand, the virus vecteor has a pack;ging signal and
LTR (Leng terminal repeats) but are devoid of structural
genes necessary for virus replicatien, such as gag, pol
and env. The packaging signal is a sequence serving as
the tag in the assembling of a virus particle and the
salective genes (nec, hyg) and the desired gene (pbl
gene or a fragment therecaf) incorporated in the cloning

site are inserted in place of the virus gene. Here, in



order to aequire a high titer of wvirus particles, it
is impoxtant to makae the insert as short as possihle,
proaden the packaging signal by including a part of the
gag gene and use care not to leave the ATG of the gag
gene.

By introducing the vector DNA harboring the sbject
P51 gene into the helper cells, the vector genome RHA
is packaged with the virus structural protein of the
helper cells to form and secrete virus particles. After
Ithe virus particle as the recombinant virus has infected
the target cell, the DHNA reverse—transcribed from the

virus genome RNA is integrated into the cell nucleus

and the gene inserted intoe the vector is expressed.

4

L LIN

As the method of impzoving the efficiency of

wauy

transfer of the object gene, the method using a fragment

containing the cell adhesion domain of fibronectin, the

heparin-binding site and cenjugation segment can be
employed [Hanenberg, H., et al., Exp. hemat., 23, 747

(1995) 1.

As an example of the vector for use in the above
retrovirus vector system, the retrovirus derived from
mouse leukemia virus {MeLachlin, J. R., et al., Proc.
Natl. Acad. Res. Molec. Bieol., 38, 91-135 (19890)]1 can

be mentioned.

The metheod comprising using the adenovirus vector
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is now desocribed in detail.

Cconstruction of said adenovirus vector can be
carried ocut im accordande with the methods of Berknex
[Berknexr. K. L.. Curr. Topics Miorobiol. Immunol.., 158,
39-66 (1992)], Setoguchi, ¥. et al. [Setoguchi, Y.. et
al., Blood, 84, 2946-2953 (1994)1., Kanegae, H. ot al.
[Experimentel Mediocine, 12. 28-34 (1%94)]., and Ketnar
etal.[Ketna?,(h.,etal..Proc.Natl.Aoad.Sai.,USA..
91. 6186-6190 (1994)1.

For example, for the construotion of a
nonproliferative adenovirus vector, the early gane El
and/or E3 gene regions of adenovirus are first removed.
Then, a plasmid vector harboring the object foreigp gene
expression unit (consisting of the gene to be
transferred, whioch is the p51 gene in the present
invention. a promoter for transcription of the gene,
and poly-A which imparts stability to the tramnsorxipt)
and a portion of the adepovirus genome DﬁA and a plasmiad
harboring the adenovirus genome are used to
concurrently transfect cells, e.g. 293-cells. By
causing a bhomolagous recombination to take place
between the two and thereby substitute the gene
expression unit for E1, the nonproliferative adenovirus
veoctor hirboring the pS1 gene according to the present

invention can be constructed. It is also posseible to
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integrate the adenovirus genome DNA intce the cosmid
vector to censtruct a 3'-end adenovirus vector with the
terminal proteiln added. Furthermore, the YAC veector
can also be utilized in the caonstruction of a
recombinant adenovirus vector.

The production of an adeno—~associated virus (AAV)
vector is now briefly descxribed. AAV was discovered as
a small-sized virus contaminating a culture system of
adenovirus. Of this virus, the parvevirus genus which
does not reguire a helper virus forx replication but

proliferates autonomously in the host cell and the

dependvirus which requires a helper virus have been

A
i

confirmed. This AAV is one of the common viruses which

1

" aMh

has a broad host range and infects a variety of cells.
Its genome is a linear single-stranded DNA consisting

of 4680 nucleotides and the 145 nucleotides at either

terminus has a characteristic sé&uence called ITR
(inverted terminal repeat). This ITR region is a
replication initiation point and pPlays the role of a
primer. Furthermore, this ITR igs indispensable to the
packaging to thev virus particle and the integration into
the chromosomal DNA of the host cell. In addition, with
ragard to the virus protein, the left-half of the genome
codes for a nonstructural preotein, that is the

regulatory protein Rep which controls replication and
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transecription.

Cconstruction of a recombinant AAV can be carried
out by utilizing the property of AAV to be integrated
with chromosomal DNA, whereby a vector for transfer of
the desired gene can be construated. More particularly,
in accordance with this methed, =a plasmid (AAV vector
plasmid) harbering the object gene ta be transferred
{human p51 gene) inserted between the remnant ITRs at
poth the 5'~ and 3'-ends of the wild type AAV is fixst
constructed. on the other hand, the virus protein
necessary for virus replication and construction of the
virus particle is supplied from an independent helper
plasmid. It is insured that there will ba no nucleotide
sequence common to both plasmids so that a recombinant
wild—-type virus will not emerge. Then, both plasmids
are introduced by transfection into, for example,
293-cells, whiah are further infected with adenovirus
(which may be nonproliferative type whén 293-cells are
used) as the helper virus, whereby the objective
recombinant AAV of the ncnprélifetative type is
produced. Eince this recombinant AAV exists in the
nucleus, it is recovered by freeze-thaw and the
contaminant adenovirus is.inactivated by heating at
56°C. Where necessary, the recombinant AAV 1is isolated

and concentrated by ultracentrifugation with cesium
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chloride. Tn this manner, the objective recombinant
AAV for transfer of the object gena can be acgquired.

Construction of the HIV vector can be carried cout
typically in accordance with the methed of Shimada et
al. {Shimada, T., et al., J. clin. Invest., 88,
1043=-1047 (1991)1].

gince the HIV virus specifically infects helper
T cells with ¢D4 as the receptor, a tissue—-specific gene
transfer HIV vector adapted for specifiac introduction
of a gene into human CD4-positive cells can be
constructed. This HIV vector is optimal for the gene
therapy of AIDS.

 Cconstruation of a recombinant HIV vector can be
carried out typically a=s follovws. First, the packaging
plasmid CGPE is constructed in such a manner that the
structural genes gag, pel and env and the control genes
(tat, rev, ete.) necessarxy for expression thereof may
be expresesgad with the cytomegalovirusr(cnv) prometes
and the human globin gene poly A signal (pely A) . Then,
the veatar plasmid HXN can be constructed so as to permit
efficient proliferation in COS cells by inserting the
bacterial neomycin-resistant gene (neoR) having a
promoter for thymidine kinase (TK) as a marker gene
between the two LTRs of HIV and further inserting a sv4ao

replication mechanism into the baseal plasmid vector.
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As the above packaging plasmid CGPE and veotor plasmid
HXN are concurrently introduced by tramnsfection into
CO0S ocellg, the objective neoR gena-integrated .
recombinant virus if produced and released into the
culture medium in & large guantity.

Production of the EBV vector can be carried out
typically in accordance with the method of 8himidzu et
al [Shimidzu, N. ., Saibou Kougaku (Cell Engineering).
14(3), 260-~287 (1995)].

The production of an EBV vector for transfer of
the gene of the present invention is now briefly
describhed. EB virus (Epstein-Barx virus: EBV) 1is8 a
virus belonging to the herpes family and was isolated
from cultured cellg derived from Burkitt lymphoma by
Epstein and coworkers in 1264 [Kieff, E. and Liebowiteg,
D.: Virology. 2nd ed. Raven Press, New York, 1990,
pPp-1869-1920]. The EBV hag cell-transforming activity
and, therefore., in orderxr that it may ﬁé utilized as a
gene tranasfer vedtor, the virus defective of this
tranforming activity must be prepared. This can be done
as follows.

Fhus, in the first place., an EBV genome close to
the target DNA with which the desired foreigan gene 1s
to be integrated is cloned. With this clone, a foreign

gene DNA fragment and a drug-resistamt gane are



X
]

74

integrated to prepare a vaector for productien of a
recombinant virus. Then, the vector for construction
of a recombinant virus is excised with suitable
restriction enzymes and introduced by transfection inteo
EBV-pogitive Akata cells. The recombinant virus
produced by the homelogous recombination can be
reacovared, together with the wild‘type Akata ERBRV,
through virus production stimulation by anti-surface
immunoglobulin treatment. This is used to infect
EBV—-nagative Akata cells and a resistant strain is
selected in the presence vf the drug to obtain the
desired Akata cells infected exclusively by the
recombinant virus and £free from the wild type EBV. Then,
by indueing virus activity in the recombinant
virus—-infected Akata cells, the objective recombinant
virus vector can be produced in a large ;uantity.

Production of a non-virus vector for the
introeduction of the desired gene into.targee cells
without use of a recombinant virus vector c¢can be carried
out by the gene transfer technique using a membrane
fusion liposome preparation. This is a technique such
that by imparting fusion activity to a membrane liposome
(a vesicle having a lipid bilayer structure), the

contents of the liposome are directly introduced into

the cell.
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Introduction of the gene by meansg ©f such membrane
fusion liposomes can be carried ocut typically in
accordance with the method of Nakanishi et al.
[Nakanishi, M., et al., Exp. Cell Resg., 158, 389-499
(1985) ; Nakanishi, M., et al., Gene introduction into
animal tissues. In Trends and Future Perspectives in
peptide and Protein Drug Delivery (ed. by Lee, V. H.
et al.) ., Harvwood Academic Publishers Gmbh. Amsterdam,
19965, pp. 337-349].

This method. of gene transfeaexr by z_neans of said
membrane fusion liposomes is briefly described below.
Thus, liposomes in which Sendai virus with its gene
inactivated by UV irrxadiation, the object gene and a
high molecular substanc¢e, such as protei;—x, have .been
entrapped is fused at 37°C. This membrane fusion
liposeme has a structure called "pseudovirus" which
coneists of a iipcsome—derived inner ¢cavity and an cuter
spike structure =imilar to that of the Qirus envelope.
Aftexr purification by sucrose density gradient
centrifugation, the membrane fusion liposomes are
eaused to get adsorbed on the target cultured cells or
tissue cells at 4°C. Then, as the temparxrature is
inereased to 37°c, the contents of the liposomes are
introduced inte the cell, whereby the desired gene can

he transferred to the target cells. The lipid for said
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liposeome in this case is a synthetic phospholipid
composed of 50% (by mole) each of cholesterol and
lecithin and having a negative charge and is prefarably
formed as a unilamellar liposome with a diameter of 300
nm.

As an alternative mathed of introducing the gene
inteo the target cell by means of liposomes, the gene

transfer method using cationic liposomes can ba

mentioned. Thig method can be practiced in accordance
with the method of Yagi et al. [Yagl, K., et al., B.
B. R. ., 196, 1042~-1048 (19893)1. Thus, with attention

paid te the faot that plasmids and cells are both

negatively charged, a positive charge is imparted to
both the external and internal surfaces of the liposome
membrane so that the uptake of the plasmid 48 increased

by static electriacity to enhance the interaction with

the cells. The liposome used in this case is preferably

a multilamellar large vesicle (MLV) hafing a positive
charge, although it is possible to use a large
unilamellar vesicle (LUV) or a small unilamellar
vesicle (8UV) to construct a complex with the plasmid
for introduction ¢of the desired gene.

The method of preparing a plasmid-~containing
cationic MLV is briefly described below.

In the first place, a chloroform solution
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containing the lipid TMAG (N-(a-trimethyl-
ammonicacetyl) ~didodecyl-D-glutamate chloride), DLPC
{dilaureyl phosphatidylcholine) and DOPE (diocleoyl
phosphatidylethanclamine) in a molar ratioc of 1:2:2 is
prepared (lipid conéentration: 1 mM) . Then, a total of

1 pmol of lipid is placed in a centrifuge tube and the

‘chloroform is distilled off under pressure using a

rotary evapeorator to prepare a lipid thin film. The
.residual chloroformis completely removed under reduced
pressure and the £ilm is dried. Then, 0.5 ml of Mg and
Ca-containing Dulbkecco's phosphate-buffered saline
containing 20 ug of the gene transfer plasmid is added
and, after nitrogen purging, the mixture is stirred with
a vortex mixer for 2 minutes te give a suspension of
the gene-harboring plasmid-containing cationic MLV.
The following is an example of use of the

plasmid-containing cationic MLV as agene therapy agent.
For example, the expression plasmid intégrated with the
.cDNA of the objec¢t gene is entrapped in an amount of
0.6 pug as DNA per 30 nmole of l1iposome lipid in the above
cationie MLV and the liposomes are suspended in 2 nl
of phosphate-—buffered saiine. This suspension is=s
administered to the target cells extracted from the
patient or the target patient tissue every other day .

In this eonnection, in the guidelines established



B0

78

by the Ministry of Hea‘l th and Welfare of Japan, the gene
therapy is defined as "to admini=ter a gene or a
gene-integrated cell inte the human body for the therapy
of a disecase™. However, the gane therapy in the context
of the present invention encompasses not anly the
therapy falling undeyr the above definition but alse tha
therapy of various diseases inclusive of cancer which
comprises introducing a gene characterized as a tumor
suppressor gene, such as the human p51 gene, into saiad
target cells and the practice which comprises
introducing a marker gene or cells integrated with such
a marker gene inte the human body. ‘

In the gene therapy accerding to the present
invention, the method of introducing the object gene
into the target cells or tissues includes the following
two representatife methods.

The first method comprises isclating the target
cells from the patient to be treated, gfowing the cella'
extracorpore#lly, for example in the presencé of
interleukin—~2 (IL-2) or the like, introducing the p51
gene ligated to the retrovirus vector into the cells,
and retr;nsplanting the resulting cells (gxX vivo
method) . This method is suited for the therapy of ADA
deficiency syndroma, hereditary diseases and cancers

associated with defective genes, AIDS, and othex
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disecases.

The second method is a direct gene transfer method
whiah comprises injecting the object gene (human pS51
gene) directly into the patient's body or tarxrget site,
such as a tumor tissue (direct method).

More particularly, the above firxrst mathod of gene
therapy can be carried out typically as follows. Thﬁs,
the mononuclear cells iscolated from the patient are
saparated from monocytes with a blood separator, the
harvested cells arae cultured in the presence of IL-
2 in a suitable medium such as AIM=-V medium for about
72 hourxrs, and the vector harboringAthe gene to ke

introducad (human p51 gene) is added. For enhanced gene

transfer efficiency, the system may be centrifuged at

2500 rpm in the presence of protamine at 32°C for 1 hour
and inqubated under 10% carbon dioxide gas at 27°C for
24 hours. After the above procedure is repeated a few
times, the cells are further culturedrin the presence
of IL-2 in AiM—V or other medium for 48 houxrs. The caells
are washed with saline, viable cells are counted, and
the gene transfer efficiency is evaluated by carrying
out said in gituvw PCR or, whan the objecat function is
enzymatiec activity, assaying the activity to confirm
the gene transfer éffect.

In addition, a safety check comprising culture of
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the bacteria and fungi centaminating the cultured cells
and testing for mycoplasma infection and for andotoxin
ic aarried ocut to confirm safety. Then, the cultured
cells integrated with a predicted effective dose of the
gene (human p51 gene) are returned to the patient by
intravenous drip injection. This procedure is
repeated at an interval of a few weeks or a2 few months
for gene therxrapy-

The dosage of the virus vector can be judiciously
selected according to thekind of target cell. Usually,
in terms of virus titer, a dose within the range of 1x103
cfu ~ 1x10° ofu 18 used per 1x10° target cells.

An alternative version of the above first method,
which can be employed, comprises <¢o-culturing
virus—-producing cells containing a retrovirus vector
harboring the desired gene (human p51 gene) with, for
example, the patient's cells.to introduce the gene
(human pS1 gene) into the target celié.

In carrying out the second method of gene therapy
(direect mathod), a preliminary ekperiment,
partiaularly an ex viveo experiment, is preferably
performed to confirm whether thae object gene (human ps1
gene) may be actually transferred or nét by a PCR of
the vector gene cDNA or an in situ PCR assay or confirm

the desired effect of therapy resulting from the
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transfer of the object gene (human p51 éene), forx
example an elevation in specific activity or an
enhancement or suppression of growth of target cells.
Furthermore, when a virus vector is used, it i1is, of
coursa, important, in conducting a gene therapy, to
confirm the safety of introduction of the gene by
carrying out the PCR to search for proliferative
retrovirus, determining the reverse tran=scriptase
activity, or monitoring the membrane protein (env) gene
by a PCR technique.

When the method of gene therapy according to the
present invention is applied to cancers or malignant
tumors in particular, a typical protocol for cancer
therapy may comprise isolating cancer cells from the
patient, treating the cells= with an enzyme or the like.
to establish a cultured cell line, introducing the
desired gene into the target cancerxr cells by means of
retrovirus or the like, carrying out é.screening with
G418 cells, determining the amount of expression of
IL-12 or the like (in viwve), subjecting the cells to
radiation treatment, and incoculating the cells into the
patient's tumor or paratumor.

The herpes simplex virus-thymidine kinase
(HSV-TK) gene reportedly causes cell death due te

division aging, particularly by cenverting the
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nucleotide analog gancyélovir (GCV) €o a toxic
intermediate, and there is known a gene therapy using
this gene in tumers ([US FPatent £631236; JP Kohye
ﬁ9—504784]. This method 1is a method of gene therapy
which utilizes the phenomenon that when cells capable
of producing a retrovirus vector harboring said HSV-TK
gene, known as a_auicide gene, are injected and, one
week latexr, the antiviral agent GCV is administered,
the GCV in the gene-transformed cells is activated by
phosphorylation to induce death of these acells a-nd death
of the surrounding non-gene-transferred ¢ells due to
cell coentact threugh the gap junction. The gene
transfeyr vector of the invention or cells containing
this vector can be used in the above gene therapy as
well.

An alternative method of gene therapy comprises
preparing immun¢liposomes containing the gene (human
p51 gena) coupled ta the antibody capéble of coupling
to the target cell surface to introduce the entrapped
cDNA into the target cells selectively and with good
efficiency. Feasible as well is a gene therapy which
comprises administering said cytokine gene-harboring
virus vector and said suicide gene—harboring adenovirus
at one and the same time. These methods invariably fall

within the expertise of those skilled in the art.
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(7) Pharmaceutical composition for gene therapy

The present invention further provides a
pharmaceutical composition or agent (gene-therapeutic
agant) comprising a pharamcologically effective amount

of ¢calls to which either the gene transfer wvector or

the object gene (e.qg. human p51 gane or the like) of

the invention has been trancferred as an active
ingredient together with a suitable nontoxic
pharmacaeutical carrier or diluent.

The pharmaceutical carrier which can be formulated
in the pharmaceutical composition (preparation) of the
present invention includes the conventional diluénts
and excipients, such ag filler, volume builder, binder,
humectant,disintegrator,surfactant,lubricant,etc.,
which are commonly employed accarding teo the maeathod of
use of the preparation and these carriers can be
selectively used with reference to the desired unit
dosage form.

The unit dosage form for the pharmaceutical
compoesition of the present invention includes the same
dosage forms as those mentioned for the p51 protein and
can be judiciocusly selected according to the
therapeutic objective.

For example, a pharmaceutical preparation

containing the gene transfer vecter of the invention



I

S ks 1]
Ja

P

[k

84

can be provided in the form of said vector entrapped

in liposomes or in the form of cultured cells infected

with a virus containing a retrovirxus vegtor harboring
the object gene.

These can be prepared as solutions 1in
phosphate-buffered saline (pH 7-.4), Ringer's injection
or an intracellular fluid composition injection, for
instance, or in such a form that it may be administered
together with a substance capable of enhancing the
efficiency of gene transfer, such as protamine.

The method of administering the above
pharmaceutical preparation is not particularly
rastricted but is selected according to the dosage form,
the patient's age, sex and other factors, the severity
of illness, and other c¢onditions. '

The ameunt of the active ingredient teo be
incorporated in said pharmaceutical composition of
preparation are not particularly restficted but ¢can be
liberally selected from a broad range accerding to the
desired therapeutic¢c effect, administration method,
duration:ﬂftreatment,thepatiantbackgroundinclusive
of age and sex, and other conditions .

Genarally speaking, the daily dose of the
gene-harboring retrovirus vector aé a pharmaceutical

preparation per kilegram body weight may for example
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ﬁe about 1x10% pfu to 1x10' pfu in terms of retrovirus
titer.

In the case of cells to which the object gene has
been introduced, the dusage may be judiciously sel'ected
from the range of about 1x10° cells/body to about 1x10%*?
cells/body.

The pharmaceutical produst can ba administered
once a day or in a few divided doses a day, and may be
administered intermittently, for example one to several
weeks apart. Moreover, it can be advantageously
administered in combination with a substance capable
of enhancing the efficiency of gene transfaer, such as
pretamine, or a pharmaceutical preparation containing
said substance.

When the gene therapy of the present invention is
applied to the treatment of a canaer, the various
methods of gene therapy mentioned above may be used in
a suitable combination (combination ééne therapy)
and/er in combination with the conventional ecancar
chemotharapy, radiation therapy., imﬁunotherapy and/orx
other therapy. Furthermore, the gene therapy
according to the present invention canh be carried ocut
Wwith reference to the NIH Guidelines, inclusive of the
safety aspedct thereof [cf. Recombinant DNA Advisory

Committee, Human Gene Therapy, 4, 365-389 (1993)1.
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(8) Application te tumor diagnosis

In accordance with the present invention, the
presence of a mutant pS51l gene which promotes
tumorigenesis in human cells can be detected by the
procedure which comprises preparing a blood, serum or
othar biological sample, optionally extracting the
nucleic acid, and analyzing it for the presence or
absence of a sensitive mutant p51 gene. Furthermore,
in accordance with the present invention, the existence
of a neoplastic change in cells or tisgsues, a marker
of progressien te a prodromal state of malignancy or
a prognostic marker can ke detected by the procedure
which comprises preparing a disorder-containing
piological éample and analyzing it for the presence or
absence of a neoplastic mutant p51 gene. By the above
procedure, the presance of a necoplasm in cells or
tissues, a marker of progression te a prodromal state
of malignancey or a prognostic marker cén be detected,
thus allowing to establish a diagnosis, for example the
diagnosis of a cancer, evaluate the effect of a cancer
therapy, or predict the prognosis of the cases.

According to this detection method, based on the
mutant pS1 gene information cobtained from a tumor-
bearing patient sample, for example on the information

about the mutation site of the p51 gene and the mutant
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sequence information, the relevant mutant DNA fragment
is prepared and designed so that it may be used in the
screening for the mutant gene and/or the amplification
thereof. More particularly, the probe for use in plague
hybridigxation, colony hyhridization. §outhern blotting.
Northern blotting. eto. or the probe for PCR
amplification of the mutant DNA fragment can be

congtructed. For such purposes. a primer having the

£%
i

same seguence as the mutation 1s first prepared and
reacted, ag a screening probe, with a bioclogical sample
(nucleic acid sample), whereby the presence of a gene

having a mutated pS51 gene sequence can be confirmed.

7o facilitate detection of the target sequence, said
nucleic acid sample may be prepared by utilizing various
technigues such as 1ysis, restriction enzyme digaestion,

electrophoresis or dot blotting.

Referring to the ecreening method mentioned above,
the use of a PCR method is partioularlf preferred from
the standpoint of sensitivity, and this method ie not
particularly restricfed inasmuch as the mutant pb51
fragments are used as primers. Thus, any of the
hitehrto-known techniques [Science, 230, 1350-1354
(1985)] and versions of PCR which have been newly
developed or will be used in future [Sakaki, Y et al.

(ed): Experimental Medicine, Supplemental Issue,
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g(9) (199%90), Yodo-sha; Protein, Nucletc Acid and Enzyme,
Special Supplemental Issue, 35(17) (199Q), Kyoritsu
Shuppan] can be employed.

The DNA fragments for use as primers are chemically
synthesized oligeoDNAs, and these 0ligoDNAs can be
synthesized by using an automated DNA synthesizing
hardware, such as the DNA synthesizer Pharmacia LKB Gene
Assembler Plus (Pharmacia). The length of the primer
so synthesized (sense primer or antisense primer) is
preferably the equivalent of about 10~30 nucleotides.
The probe for use in zaid sdorxeening is usually labeled
but may be an unlabeled one, and the detection may be
made either direatly or indirectly by specifioc binding
with a labeled ligand. The suitable lakel and the
method of labeling the probe or the ligand are known
to these skilled in the art, and the radicactive label,
biotin, fluorescent Jgroup, chemiluminescent group,
enzyme, antibody, @etc. which can be 1né6rpotated.by the
known technigues such as nick translation, random
priming or kinase treatment are alsc included in the
relevant technelogy.

The PCR method for use in said detection includes
RT-PCR, for instance, and various modifications of PCR
which are used in the art can be applied likewise.

It is also possible to detact the wild type pS5l
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gene and/or mutant pSl gene and quantitate the DNAs of
these genes. This technoleogy includes but is not
1imited to the compatitive aseay such as M88A [Kinoshita,
M. et al., cca, 228, 83-90 (19294))] and PCR-—EESCP which
ie knewn to be a mutation detecting technique utrilizinthg
the change in mebility associated with a change in the
higher-order structure of a single-stranded DNA [Orita,
M. et al., Genonics, 5, 874-879 (1989)1.

The above analytical methods mentioned by way of

example can be carried out as follows. For example, one

‘or a plurality of primers containing the mutation of

pS1 (e.g. the mutated sequenace based on site mutation
information obtained from a cancer patient or the like)
are first prepared and hybridized with the DNA obtained
from a biclagieal sample. Then, the mobility and peak
area measured by SECP analysis of the standard wild type
pS1 DNA fragment are compared with the mobility and peak
area in the test sample as the product of amplification
using said primere to thereby detect the mutation in
a specific region of pSl1 and simultaneously quantitate
the product of mutation.

The test sample containing the mutant p51 gene to
ke measured is nhot particularly restricted inasmuch as
it contains said mutant gene, thus including various

bPioclogical materials such as blood, serum, urine and
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excisaed tissues. The mutant pS1l gane can be extracted
from such test samples, purified and prepared in the
routine manher. Therafore, by comparing the mobility
of said standard DNA fragment of the invention, as
determined in advance, with the moblility of the
amplification product in thé test sample as obtained
in the PCR amplification of the p51 DNA of the test sample
using a mutant pS1 primer pair, the mutation in a
specific region of pEl DNA can be detected expadiently
and accurately.

Furthermore, when standards established in known
steps of quantity are used, the quantitatijion of the
mutant p51 in the test sample can be made at the same
time by comparing the peak areas of the standards with
the peak area of the amplification product of p5l1l DNA
in the test sample in the PCR amplification step using
the mutant primer set mentioned above. The primer set,
standards, PCR-SSCP analysis and datéétion means can
be liberally modified by those skilled in the art and
the present invention encompasses such modifications,
of course, inasmuch as the sequences of the wild type
P51 gene and mutant p51l genes are employed.

The above assay technelogy according to the
present invention is now described more specifically.

To begin with, the DNA is extracted from the serum of
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a cahcer patient by the routine procedure such as alkali
oxr acid treatment. Then, a primer set comprising a
minues chain partial sequence of a defined length
coneisting in a part eof the nucleotide sequence
(145=-1488) shown under SEQ ID NO:1l and a plus chain
partial sequence of a defined length consisting in a
part of the fluoresaent-labeled nuclectide sequence
{(145-1488) as well as a heat-resistant DNRA polymerase
are caused to act on the DNA solution ecbtained above
to amplify the labeled DNA fragment.

On the other hand, cone or a plurality of DNA
fragments containing a mutant sequence chemically
synthesized acaording to the p51 site mutation
information obtained from, for example, a cancer

patient are respectively integrated in ﬁlasmid vectors

and E. geli is transformed. After mass culture and

purification, the purified recombinant plasmids are
uged to prepare e.g. 10 copy, 10* cop&, 10° copy, 10°
copy, 107 copy and 10° copy standards. Said primer set
comprising a minus chain partial sequence consisting
in a defined partial seqguence of said nuclecotide
sequence (145-1488) and a plus chain partial segquence
consisting in a defined partial sequence of the
fluorescent-labeled nucleotide sequence (145-1488) as

well as a heat-resistant DNA polymerase to amply the
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labeled DNA fragment. The sclution of DNA amplified
above is heated at about 95°C for about 5 minutes, then
immediately cooled on ice, and a 89CP analysis is
performed using an automatic segquencer, such as ALF
Automatic Sequencer (Pharmacia), whereby the
fluorescent pecak can be detected. Phoresis in this 88CP
analysis is performed preferakly at about 30°ct1°c.

The peak (mebility) of the DNA obtained from the
patient's serum is compared with the peaks (mobilities)
of the standards énd the peak in agreement with a
standard is ascertained from the migration time. In
this mannetr, the type (kind) of mutation of the patient
P51 can be ascertained. Moreover, by calculating the
peak areas of standards and censtructing a standaxd
curve, the p51DNA can be quantitated £rom the calculated
peak area of the patient's DNA.
(9) Method of detecating mutation of the pS1 gene and
various assay methods

The present invention, therefore, provides an
expedient test protocol for the c¢concurrent detection
and quantitation of mutation in a given region of pS1
DNA in the test sample through the above measurement.

The assay method of this invention can be carried
out conveniently by utilizing a reagent kit for

detecting the wild type p51 gene and mutant p51 gene
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in a sample.

Therefore,thepresentinventionfurtherp:ovides
a reagent kit for detection of wild type p§61 and mutant
p51 characterizad by its comprising said wild type p51
DNA fragment and mutant pS1 DNA fragment.

This reagent kit, inasmuch asvit contains a DNa&
fragment capable of hybridizing witt; a part or the whole
of the nucleotide sequence (145-1488) shown under SEQ
ID NO:2 or its complementary oligonucleotide sequence
or a DNA fragment capable of hybridizing with a part
or the whole of a mutant sequence ©of the nucleotide
segquence (145-1488) or a nucleoatide sequence
complementary to said sequence, may contain other
components such as & labeling agent, reagents essential
fo PCR (e.g. TaqDNA polymerase, deoxynucleotide
triéhosphate, primers, etc.). In lieu of the
nucleotide sequence (145-1488) shown under SEQ ID NO:2,
the nucleotide seguence (145-2067) shoﬁn under SEQ ID
NO:5 can be used.

As thae labeling agent, a radio isotope or a
chemical modifier such as a fluaorescent substance can
be empleoyed, although the DNA fragment itself may have
beeﬁ conjugated with the labeling agent in advanace.
Moreover, this reagent kit may further comprise a

suitable reaation diluent, standard antibody, buffer,
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washing selution, reaction stopper, etec. for
convenience in carrying out an assay.

The present invention further provides a methed
ofdiagnosisusingsaida;saytechniqueandeadiagnoatic
agent and a diagnostiac kit for use in said method of
diagnosis.

Further, by direet or indireaot sgsequencing of the
mutant p51 sequence obtained from the test sample by
the above procedure, it is possible to discover novel
pS51l-related genes having high homology to the wild type
p51.

The presgent invention, therefore, fﬁrther
provides a method of screaning for human pS5l-related
genes in te=t samples through the above-described assay
and sequencing of mutant p51 DNA in such test samples.

Furthermore, the wild type p51 and/or mutant p51
c¢an be identified by synthesizing the protein encaoded
by the human p5l1A gene of BEQ ID NO:I.or the protein
corresponding to the amino acid sequence derived from
the sequence of SEQ ID NO:1 by deletion, substitution
or addition of one or a plurality of aminoe acids or a
partia; saequence thereof, or synthesizing the antibody
against any of such proteins. Furthermore, in lieu of
the protein encoded by said human p51A gene, the protein

encoded by the human p51B gene shown under SEQ ID NO:4
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cann be used.

Thaerefore, the present invention provides a method
for assay ©of antibodies against wild type p51 and/or
mutant p51 and for assay of the antigen. By this assay
method, the degree of neoplastic disturbance or the
malignancy of a malignant tumor can be estimated based
on the change in the wild type p31 protein. The achange
mentioned above can be determined by pS5Sl sequence
analysis by said routine technology but more preferably
the change in the p51 protein or the praesaence or absence
of the p51 protein is detacted vusing an antibody (a
polyclonal antibeody or a monoclonal antibody) . A
specifia example of the assay method of the invention
is as follows. With the p51 antibody, the p51 protein
can be immunoprecipitéted frem a solution containing
ahﬁmanbiologicalmaterialisolatedfromsihumanbeing,
such as blood or saerum, and the antibeody c¢an bae reacted
with the p51 protein on a polyac;ylamide gel Western
Pleot or immunoblot. Moreover, with the p51 antibedy,
£he P51 protein in a paraffin section or frozen tissue
section c¢an be detected by an immunohistochemical
technique. The technology for antibkedy prodﬁction and
purification is well known in(the art and the known
technigques ean be selectively emnployed.

The preferred specific modes of practicing the
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method of detecting the wild type p51 or a mutant thercof
include enzyme-linked immunosorbent assay (ELISA)
inoclusive of the saandwich teohniqué asing @ monooclonal
antibody and/or a monoclonal antibody,.
radioimmuncassay (RIA). immunoradiometrix assay {(IRMA)
and immunoenzymometrix ascsay (IEMA).

Furthermore, in accordance with the present
invention, 1ir is alsgso possible to provide a cell
membrane fraction having p51-binding activity for the
pS1 protein or the pbEl reoept&r present on the cell
surface._ To0 acquire said pS1 receptor, the labeled p51
protein is conjugated in a biocloglcal sample contailning
the cell membrane fraction, the rasulting p51 conjugate
is isolated by extraction and purified, and the amino
acid sequence of the isclate 1s determined. The
aaquisit:.on and segquencing of this p51 receptoxr protein
fall within the expertise of one sgkilled in the art.
(10) Application to drug soreening

The present invention caan be applied to the
screening for compounds (p51 receptor reaction
producta: the compound may be a low molecular compound.
a high molecular compound, a protein, a protein fragment,
an antigen, an antibody or the like) by using the pSl
receptoxr polypeptide or a binding fragment thereof for

the screening of wvarious druge. Preferably, the p51
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receptor protein is utilized. The p51 receptor
polypeptide or its fragment for use in such a screening
test may be immobilized on a solid support or used in
the form of a suspension in a fluid carried to the gell
surface. Te mention an example of drug screening, host
eucaryotic or procaryoctic eells transformed stably with
a recombinant polypeptide and expressing the
polypeptide or its fragment can be utilized, preferably
in a competitive binding assay. Moreover, such cells
in the free or immobilized state can be used in a standard
binding assay. More preferably, the formation of a
complex Qetween the pS1l receptor polypeptide orxr its
fragment and a test substance is quantitated to detect
the degree of inhibkbition of said formation of a complex
between the p51 receptor polypeptide or fragment and
the pS1l polypeptide or fragment by the test substance
is deteated, whereby the screening for a compound can
be accomplished.

Thus, the present invention provides a method of
drug screening characterized by <contacting such a
substance with the p51 receptor polypeptide or a
fragment thereof by a per se known technique and, then,
deteéting the presence of a complex between said
substance and said pS1 receptor polypeptide or fragment

or the presence of a complex between said p51 receptor
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polypeptide or fragment and a ligand. Further, the p§51
receptor activity is measured to =see whether saildad
substance may antagonize the pSl receptor to exhibit
the pS1 activities defined hereinbefore, for example
the activity to modify the cell cycle or modulate the
inductien of apoptoeis. Spaecifically, in carrying out
such a compaetitive binding assay, the pS5S1 recegtor
polypeptide or its fragment is labeled. The free p51l
receptor polypeptide or fragment is separated from the
protein-protein complex. Then the amocunt of the free
label (non-complex—forming) can be a measure of the
binding between the factor to be assayed and the pS51
receptor or inhibition of the p51 receptor-pS1l
polypeptide binding. The small peptide (pseudo-
pepgide) of the p51 polypeptide is thus analyzed, and
the one having p51 receptor inhibitory activity is
determined.

Another drug screening method of.the praesent
invention is 2a method of screening for compounds having
an adequate binding affinity for the pS51 recepter
pelypeptide. Briefly, a large number of different
peptide test compounds are synthesiged on solid
supports such as plastia pine or other surfaces. Then,
the peptide test compeounds are raacted with the pbI1

receptor polypeptide, followed by washing. Then, the
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reacted and bound p51 receptor pelypeaeptide is detected
by a per se known technique [PCT: WOB84-035641]. The
purified p51 receptor can be directly goated on a plate
for use in said drug sc?eening. However, the pS51
receptor polypeptide can be immobilized on a solid phase
by antibody sgupplementation using a non-neutralizing
antibody against the polypeptide. Furthermore, tha
present invention is directed to a competitive drug
screaning assay in which a2 neutralizing antibedy
specifically binding the pS51 receptor polypeptide and
a test compound are caused to compete with each other
for the binding to the p5l receptor polypeptide or
fragment. By this competitive assay using the antibedy,
the presence of peptides having one or more epitopes
or antigenic determinant sites of the pS51 recaptor
polypeptide can also be detected. ’

Referring, further, to drug scrgening, a =still
another method comprises the use of a ﬁost e@ucecaryotic
cel)l line or cells containing a nonfunctional p5l gene.
Thus, after the host cell line or cells are allowed to
grow in the présence of a drug compeund for a
predatermined time, the proliferation rate of the host
cells is measured to =s=ee whether the compound may
modulate apoptosis or the cell ecycle. As a means for

measuring the proliferation rate, it is possible to
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measure the biolagical activity of the p&l receaeptor.
Moreover, in accordance with the present invention,
for the purpose of developing the more active or stable
p51 polypeptide derivatives or drugs which will
potentiate or interfere with thé funation of the pS5S1
polypeptide in ¥ive, various interactive bioclogically
active polypeptides or structural aﬁalogs, e.g. pS1

agonists, p51 antagonists, pb51 inhibitors, etc., can

Te=F

be constructed. Ssueh structural analegs can be
characterized by, for example, analyzing the three-

dimensional structures of complexes between pS1l and

other proteins by X-ray crystallography, computer

modeling or a combination of such techniques.

AL e
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Furthermore, the information ocn structural analegs can
also be generated by protein modeling based eon the

structures of hoemologous proteins.

The method of obtaining the still ﬁore aactive or
stable pS51 polypepéide derivatives ma& for example
invelve an alanine scan analysis. In this metheod, Ala
is substituted for each amino acid residue and the
effect of substitution on peptide activity is
determined. Fach amino acid residue in a peptide is
thusg analyzed and the region or regions of importance

to theae activity or stability of the peptide are

determined. By using this method, the more active or
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stable p51 derivatives can bae designed.

It is also possible to isclate the target-specific
antibeody selected by a functional assay and analyzea its
crystal structure. As a rule, a pharmacere providing
the basis for further drug design can be obtained by
this approach. It is poassible to identify or isclate
a peptide from a chemically or biclogically canstructed
peptide bank by causing formation of an anti-ideotype
antibedy against a functional pharmacoactive antikody.
Therefore, the a2eclected peptide is also expected to
serve as a pharmacore.

In this manner, drugs having improved p61 activity
or stability or drugs acting as inhibitors, agonis=sts
or antagenista of pb1l activity can be designed and
developed. -

ITn accoerdance with the cloned pS51 seguence, &
sufficient amount of p51 pelypeptide can be procured
and submitted to X-ray arystallographie and other
analytical research. Furthermore, tha pbl preotein
having the aminoe adcid sequence of SEQ ID NO:1 as provided
by the present invention enables establishment of a
computer modeling pregram which may take the place of
X=-ray crystallography or supplement the latter
technique.

Furthermere, by constructing a human p51 gene-
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bearing knockout mouse (mutant mouse) in accordance
with the praesent inventien, it is possible to detect
which sites of the human p51 gene seguence will
influence said various pS5l1 activities in yvive, that is
to say what functioens the p51 gene product and mutant
pS51 gene products will have in viyo.

This is a technology to intentionally modify the
genetic information of organisms by utili=zing
heomologous recombinations of genes, and the method
using mouse embryonic stem cells (ES cells) can be
mentioned as an example [Capeccchi, M. R. Science, 244,
1288-1292 (1989)1].-

The method of constructing sueh mutant mice as
above is well known to those gkilled in the art, and
by applying the human wild-type P51 gene or mutant p51
‘gene of the present invention to the above technolegy
as modified (Noda, T. (ed.), Experimental Medicine,
supplemental Issuae, 14(20) (19%6), Y&&c—;ha), mutant
mice can be easily esztablished. Therefore, by
utilizing the above technelogy, drugs having improved
pbl activity or stability or drugs acting as inhibitors,
agonists or antagonists of pS1 activity can be designed
and developed.

The present invention comprises the following.

1. A method ¢f inhikiting tumorigenesis which comprises
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transferring the p51 gene to tumor cells.

2. A methed of inhibiting tumorigenesis which comptrises
trénsferring the pS1 protein to tumeor cells.

I_Aa pharmaceutical composition comprising the p51 gene
or an equivalent thereof and a pharmaceutically
acceptable carrier.

4. A pharmaceutical composition comprising the P51
protein or an equivalent thereof and a pharmaceutical
acceptable carrier.

5. A drug for gene therapy which comprises the p51 gene
or an eguivalent thereof as an active ingredient.

6. A cancer diagnoséic reagent comprising the p51l gene
or an equivalent thereof.

7. A cancer diagneostic reagent comprising the p51
protein or an eguivalent therecof.

6. A method of screening for pS5l- or p53-related genes
which cemprises using the p51 gene or an equivalent
ﬁhereofL V

9. A method of screening feor inhikbitors of cell
tumorigenesis which comp:ises using the p51 gene or an
equivalent therecof.

10. A method of screening for p51 gene inducers and/eox
inhibitors which comprises using the p51 gene oI an
equivalent thereof.

11. Use of a p51 gene inducer and/or inhibitor selected
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by the above scoreening in the therapy of diseases
arising £rom p51 gene expression abnormality.

AR

The following examples and experimental examples
are further illustrative of the present invention. It
should, howewver, ha understood that the scope of the
invention is by mo means restricted by these examples

and experimental examples.

Exapple 1 Isoclation of he human p51 gene
(1) Cloning and DNA sequenoclng of the human pS1l gene
(a) The present inventors carried out a PCR
amplification using the following p73-Fl sense primer
and p73-R1 antisense prime and then a second
amplification by a nasted PCR\using the following p73-F2
sense primer amd p73-R2 anti\sense primexr.
p73-Fl: 5 -TA(CGT)GCA(CGT)AAA( JACA(CGT)ITGC(T)CC-3"
p73-Rl: 3'-TGC(T)GCA(CGT)TGC(T)LCA(CCT)GEA(CCT)A(C)G-5"
p73-F2: 5 _TA(CGT)ATA(CT)A(C)GA( GT)GTA(C#T)GAA(G)GG—S'
P73-R2: 3'-ATGAAC(T)A(C)ICA(CGT)A C)GA(CGT)CCA(CGT)AT-5"
More specifically, £from the human skeletal muscle
polyA+RNA (Clontech)., the ODNA was synthesized using
a random primexr and an oligo AT primer. Then, & CDNA
i1ibrary consisting of about 10" plagues as constxruocted

using ZipLox (Gibco BRL) as the vector was amplified

and the DNA was extracted. Using 0.2 g of the CDNA as
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the template and said p73-F1 and p73-R1 as primers, an
amplification reaction was carried out in 25 cycles of
94°c, 30 sec., 45°c, 30 sec. and 72°c, 30 sec in
acco;dance with the Tag Polymerase {(Gib¢o-BRL) manual.
Then, using 1/100 of the amplification product as the
template and said p73-F2 and p73-R2 as primers, a
further amplification was carried out under the same
conditions.

sSince a band of 172 bp as deduced £from the structure
of the p53 gene was obtained, a restriction enzyme
cleavage map of the band was prepared, As a result, the
presence ©f a gene other than the p53 gené was detected.
.This band was subcloned in pGEM7 (Promega) and using
ABI377 Automatic Sequencer (ABI), the nuclecotide
ceequence was determined in the routine manner. As a
result, it was found to be a DNA fragment derivéd from
a novel gene which resembles the p53 gene but has a
different novel nucleotide sequeance. »

separately, & eimilar snalysis wae carried out
using ¢DNA libraries derived from other organs (e.g.
brain) . As a result, a DNA fragment derived from a
further different novel gene resembling the pS3 gene
was detected but it was found to be a fragment derivead
from tha p73 gene.

This subcloned DNA fragment was exciged and using
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the BoaBest labeling kit (Takaxa), a labeled probe was
constructed. The plague hybridization assay of an
unamplified library of 2._4x10°¢ éluques anm constructed
using the oligo dt primer alone in otherwise the same
manner as in the construction of gsaid cDNA library gave
8 pozitive clones. Since A ZipLox can be easgily
converted o a plasmid using the Cre-LoxP gsyegtem,
segquencing of the plasmid obtained by coaversion was
carried out in the routine manner uging LICOR'E
automatic sequencer and ABI377 automatic seguencer
(ABI).

Then. betwean the nucleotide seguence of the gene
obtained and the nucleotide sequenaes of the p53 and
p73 genes, a homology search was made with FASTA Program
using GCG software (Wisconsgin Sequencing Package,.
Genetics Computer Group) [Person. W. R. and Lipman,. D.
J., Proc. Ratl. Acad. Sci. U.S.A.. 85, 1435-1441
(1988)1. |

As the result of said homology search, two of the
clones selected by the above method and aseguenced were
found to have high homelogy with respect to the p53 gene
and p73 gene. The molecular masses calculated frc;m the
deduced amino acids encoded by the gene asequendce of
these 2 clones were 50.8%94 Da and about 71,900 Da.

respectively. The present inventors named these
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clones pS51A and pS1B, respectively.

fhe full-length nucleotide seguence of the gene
(pS1A gene) possessed by the p51A clone obtained as
above is shown under SEQ ID NO:2 and the full-length
nucleotide seguence of the gene (pS1B gene) posgessed
by the pS51lB clone 1s shown under SEQ ID NO:5.

AE shown undex SEQ ID NO:2, the pS1A clone was found
to have a gene having a nuocleotide sequenade (1344
adcleotides) coding for the amino acid sequence (448
amino acids) of SEQ ID NO:1, as an open reading frame
in the 145th - 1488th position. Moreover, the deduced
amine acid sequence encoded by the nucleotide €agquence
of the gene possessed by this oclone had a
transcoriptional activation domain in the 1st - 59th
position, the DRA binding domain in the 142mnd - 321s8t
position, and the oligomerization domain in the 359th
- 397th position.

Oon the ofher hand, as shown under SEQ ID NO:5, the
pPS51B ¢lone was found to have a gene having a nucleotide
sequence (1923 nucleotides) coding €£or the amino acid
sequence (641 amino acids) of SEQ ID NO:4, as an opeéen
readingframejmlthel&Sth-2067thposition- Moreover,
the deduced amino acid segquence enaoded by the
nucleotide segquence of the gene possessed by this clone

had a transcriptional activation domain in the
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ist ~ 59th position, a DNA binding domain in the 142nd
~ 321st position, and an oligomerization paesition &in
the 353rd ~ 397th position. Furthermoxre, this segquence
was found to have an additional segquence (EAM domain)
in the C-terminal tregion and the 353rd ~ 641t region
inclusive af this additional sequence could be regarded
as an oligomerizatién domain in a broad sense of the
texm.

The amino acid sequence encoded by the pS1A gene
of the invention was compared with the amino acid
seqgquences of the p63 protein and p73p protein for
homoleogy comparison among the three seguences (Fig. 2).
In the diagram, the amino acids common to the 3 seqﬁences
are boxed.

Fig. 1 is a schematic¢c diagram showvwing features of
the structural domains of the p5S1l1A pretein aleoeng with
those of the p53 protein and p738 protein. In the
diagram, "TA" represents a transcriptiénal activation
domain, "DNA.bindin?“ represgents a DNA-binding domain,
and "Oligo" represents an origomerization domain. The
structural features of the PS5l protein and p73g protein
ware deduced from the structural features of the pb3
protein.

As a result, the homology of the deduced amino acid

sequencaes of the pS1A protein, pS53 protein and p73p
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Protein in each of full-length sequence,
transcriptienal activation domain, DNA-binding domain,
andoligomerizationdomainwasrespectivelyxnsfollows:
between p51Aa protein and p53 protein, 36%, 22%, 60% and
37%,respectively;betweenp51hproteinandp73pmotein,
42%, 30%, 687% and 65%, respactively; and between pb53
protein and p73 protein, 28%, 27%, 63% and 83%,
respaectively (Table 1).

Moreover, although. the 448 residue-strxructure of
the pb51A protein was shorter than the 636 residue-
structure of the p73a protein, the total structure of
the pS1A protein resembled the p73 protein with the
cC-terminal region split off.

Theea results indicated that although the putative
amino acid sequence of the p5l1A protein resembles the
deduced sequences of both the p5§3 protein anq p73g
protein, its homology to the amino acid sequenace of the
p73f protein is higher than its homoiogy to the phs3
protein and that the homeology between p51A protein and
p73p pretein is higher than the homology between p53
protein and p73p protein in the regions other than the
oligomerization domain.b Furthermore, between p51A
protein and p738 protein, a homology was found in the
region where no homology was found between p53 protein

andp735proteinorhetweenpssproteinandpSlAprotein.
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These results suggest that, on the amino acid sequence
level, the pS5l1A protein can be said to be closer to the
P73p protein than €0 the pE3 protein.

€imilarly, the amino acid sequence encoded by the
P51B gene of the invention was compared with the amino
acid sequence of the p73a protein for homology
comparison (Fig. 3). In the diagram, the amino acids
commony, to the two sequences are boxed.

Fig. 4 i8 a schematlicec diagram showing features of
the structural domains ¢f splicing variants encoded by
the pS1 (A and B) genes along with those of the p73
proteins (a and B). WwWhereas the divergence point
between pS51A protein and p51B protein begins at intron
10 and the divergence point between p73a protein and
f735 protein begins at intronmn 13.

Example 2 Confirmation of p51mRNA expression in normal
human tissue
(1) Northern blot analysis

Expression of p51lmRNA in normal human tissue was
assessed by Noxrthern klotting using, as the probe, a
human ¢DNA clone labeled by the random ocligaenucleotide
priming method.

Nerthern blot analysis was carried out using Human
Multiple Tissuea Northern Blaot (Clontech, Palo Alto,

Calif., U.S.A.) in accordance with the product manual.
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Thus. the EcoRI fragment (600 bp: corresponding
o the S5S' and of GDNA) of a PCR amplification product
of the DNA clone obtaimned in Example 1 wag labeled with
(**pl-dCTP (Random Primed DNA Labeling Kit, Boehringer
Mannheim) for use as 8 probe.

Blotting was made using ExpressHyb Hybridigation
Solution (Clontech) under the conditions directed in
the user manual, and detection wae made using BAE2000
(FUJI).

The resultse are shown in Fig. 5 and Fig. 6.

F1g. 5 shows the result of Northern hybridization
carried out with the filter purchased from Clontech,
and Fig. 6 shows the result of Norxrthern hybridization
carried out with a filter constructed by the present
inventors using the RRA purchased £from Clontech. Fig.
5 shoWwe the electrophoretogram with 2 (£t g poly A+RNA
added foxr each lane, and Fig. 6 is the electro-
phoretogram with 6.5 4 g poly A+RNA added foxr each lane.

The lanes in Fig. 5 represent the result fox 1:
heart,'z: brain. 3: placenta, 4: lung, 5: liver. 6=
gskeletal muscle, 7: splean, and 8: pancreas. The lanes
in Pig. 6 represent the result for 1: mammary gland.
2: prxostate, 3: salivary gland, 4: stomach, 5: thymus,
6: thyroid, 7: txachea, and 83 uterxrus.

¥t wags found that the distribution of expression
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of the mRNA (4.4 kb) of the gene named "human p51 gene"
according to the present invention was rather confined
1in contrxrast to the ubiquitous expression of p53 mRNA,
with the expression level being highest in skeletal
muscle, and decreased progresgively in placenta,
trachea, mammary gland, prostate, salivary gland.
thymuse, uterxrus,. stomach, lung, brain and heart in the
order mentioned. In ather tissues (e.g. adrenal gland,
amall intestimne, spinal cord, spleen), no expression
of pS51mRNA ocould be detected.

The expression pattern of the p73 gene is also
tissue-restricted. However, 1t was foumd that while
the expresgion of pS1l gene overlapped the expression
of the p73 geme (expression 1n the same tissue). the
distribution of expression was broader tbhan the
distribution of expression of the p73 gene.

she above difference in expression tissue
distribution among the human p51 gepne, p53 gene and p73
gene suggested that notwithstanding the resemblance in
bpiclogical activity amqng these genes, they are
dissimilar in function depending on tissuese 1N vivo.

Further research also revealed that, in various
human tissuesg, the pS1mRNA, as in the case of p73 protein,

exista in seleoctively =pliced forms (alternative
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aplicing variants). namely a short form encoding the
p51Aa protein and a long form encoding the p51B protein.
The latter long form encoding p51B was found to have
homology to the factor named ket which had been
accldentally discovered in a search for the glutamate
receptor of the tongue. The 3 kb mRNA, which 15 a main
transoript in skeletal muscle, was the most abundant
mRNA observed in all the tissues investigated. The
ehort-form cDNA Olone was suspected to be derived £rom
its transcript. Interestingly, in contrast to the mRNA
observed in normal tissues., this short-form (pS1A) of
pP51mRNA was found to have been exprefsgsad io many tumor
cell lines.

Fig. 4 is a schematic diagram comparing the
structures of the respective alternative splicing
variants of the pS51 protein and p73 protei;. This
p5S51BmRNA encoded a protein having a mpleoular mass
(éalcnlated) similar to that of p73C.

Functional differences between p51A and p51pB
remain unknown.

Example 3 Chromosome mapping of the p5l1 gene

Using a radiation hybrid panel (GeneBridge 4
Radiation Hybrid Panel:; Research Genetics), the pS51l
gene was mapped on the human chromosome. As a resgult,

the p51 gene was localized in the 3g28-ter region
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between the markers AFBEM327YDY and WI-1189 (5.66cR from
the formoer marker) .

Example 4 Mutation of p51 in varicus human cancer cell
lines and human tumors

The most intriguing gquestion about the pSl gene
is the questieon of whether the features of the pS3 tumor
suppressor gene are shared by the pS5l1 gene as well as
the relationship of a mutation of the present gene with
the motrphogenesis of a human tumor.

Therefore, using various tumor cell lines, a
search was made for the presence ¢or absence of mutation
of the pS1 gene. For this searxrch, the methed for
functional analysis of separated alleles in yeasts
(FASAY), which was previously used by the present
inventors in the identifiecation and charac¢terization
of p53 mutation, was used [Ishicka et al., Nat. Genet.
5, 124-129 (1933)].

A complementary full-length DNAifragment coding
for the human pS1A gene was amplified by the same PCR
method as used in the determination dascribed
hereinbefore to acguire the nucleotide seqguence of the
amplificatien product govering the full-length
sequence encoding the p51A éene and this nuclectide
sequence was determined by direct sequencing to detect

the presence or abhsence of a muntation.
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Tumor celle were respectively cultured in
Dulbecco s Modified Essential Media supplemanted with
10% fetal calf serum in a 5% CO; environment. Since all
the pS1ACDNA clones oould amplify the p53¢DNA in the
previous analysis, the guality of cONAs of cell lines
was guaranteed.

Of 102 cell lines, 67 lines analyzed were capable
of amplifying the p51A DNA fragment. The nucleotide
sequence was determined by direct sequencing for 35 of
the above cell lines.

Mutations were found in twe cell lines, namely
Ho-l-u-1 (JCRBO8B828), which is a head—-and—-neck cancer
cell line, and SKG-IIXIa (JCRB0E611l), which 1s a cervical
cancer cell line.

The mutation was Saxl®®

- Leu in the former and,
Gln®® 5 Leu in the latter. With regard to the pb3
protein, it was likely that the normal function of the
P53 protein had been defacted by mutation in the former
and by human papilloma virus infection in the latter.
Morecover, in the mRNAs derived from tumor cells, various
splicing variants were noted.

Referring to human primary cancers, the nucleotide
sequences of the DNA amplification products obtained

by SSCP and RT-PCR techniques were determined by direct

sequencing in searcech for p51A gene mutation. In a total
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population ¢f 66 human tumor cases, namely 8
neuroblastoma cases, 8 colon cancer cases, 8 breast
cancer cases, 8 lung cancer cases, 8 brain tumer cases,
8 escophageal cahcer cases, 8 hepatocellular cancer
cases, 6 pancreatie cancer cases, and 4 renal cancer

® 53 Pro was detected in one

cases, a mutation of Ala®‘
lung cancer caseé.

The analysis of the above 3 cases was invariably
an analysis of cDNA and 1t was clear that the expression
originated from a single chromosomal lcacus.
Experimental Fxample 1 Suppression of colony'
formation by §51 transformation

The p53 protein has an ability to block cells in

the G1 phase or induce apoptosis.

To investigate the colony formation inhikitory
activity ©f the p51 pro ein of the invention, the Sa0s2
csteosarcoma cell line accaession number: ATCC HTEBE8S5)
waé co=-transfected with\a pﬁromycin;résistant
expression plasmid (pBABEpuro: Morgenstern J. Nuc.
Acids Ru, 18, 3587, 1980) 5 well as a pSlA expression
censtruct, an HA-labeled §1aA expression construct
(HA-labeled ATGTATCCATATGA GTTCCAGATTATGCT, which
codes for the amine acid sefuence MYPYDVFDYA)}, a P53

expression construct, and a \vector and the colony-—

forming ability was evaluate
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The abqve expressign vectors were coenstructed by
cloning the coding regien fragment of p51A DNA (2816
nucleoctides; in SEQ ID NO:2, eligenucleocotide numbers
1~2816), the fragment prepared by adding the HA tag ¢¢
the p51A oDNA, and the coding region fragment of pS3cDNA
(1698 nucleotiders; nucleotide numbers 62~1760),
respectively. Then, the osteocosarcoma cell line SAOS2
was cultured in Dulbeccos's Modified Essential Medium
supplemented with 10% fetal calf serum in a 5% cCco,
environment. A 6cmdish was seeded with the above SA082
cells (1x10° cells/dish) and, after 24 hours, the cells
were transfected with a wild—-type pS51 expression vector
containing the pS1A cDNA chain (pRaecCMV/pS1A) . Similar
transformations wWwere carried out ugsing the HA-tagged
p51A c¢DNA, the wild-type pS53 gene and, as control, the
PRcCMV expression vector alone.

Using Mammalian Transfection Kit ‘stratagene), 1
Bg of PBABEpurc was introduced into the cells. The
resulting cells were fixed and stained with Crystal
Violet. The stained colonies were photographed. Each
transfection was carried out twice for analyzing celony
formation.

Aes & result, significant decraases in the number
of colonies were observed in the culture dishes of pS53

gene-transfeoted cells and pS1 gene—-transfected cellis.
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In contrast, in the culture dish of cells treated with
the vector alone, growth of a large number of colenies

was obsarved. The pS1 gene was thus found to have an

ability to suppress colony formation but this abllity

was slightly poor as compared with the ability of the
P53 gene. ©On the other hand, the HA-tagged pS5l gene
showed a colony formation-suppressing ability
comparabhle to that of the p53 gene (Fig. 7)) .
Elgggimgn;gl_§4amalg_2. Test of the transcriptional
activation function of the pS5S1 protein

Ssince the activity of the p&3 protein to arrest
cell growth in 61 phase or induce apoptosis was
dependent on the transcriptional activation function
of the p53 protein, a test was carried out to see whether
the p51 protein would exhibit such activity.

Downstream eof the Wafl promoter, which is known
to be controlled by p53 transcriptional activation
function, and RGC (ribosomal gene cluéter) sequence,
a luciferase reporter plasmid as well as a p51A gene
expression consktruct was introduced by the method
described in Example 5. specifically, SAOS2 cells vwere
co-transfected with said luciferase reporter plasmid

%

and the p51A expression vector, p53 expression vector
or cantrol vector and the luciferase activity of the

lysate obtained from the resulting transformant was
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assayed. The lunciferase activity was calculated with
a dual luociferase reporter assay system (ProMega)
taking the transfection efficiency into consideration.

Fig. 8 15 a schematlc diagram showing the reporter
construct used in the experiment. Shown in the diagram
are 3 luciferace gene constructs each 1inkad downstream
of various Pp21l1WAF1l promoters. In the diagram, “WAF-
1 promoter luc” repregents a wild-¢type pP21WAF1l promoter
congtruct retaining the two p53 control elements; “"del
1" represents the construct deprived of the upstream
one Of said elements: and "del 2" represents the
construct deprived of both of sailid elements.

The results are shown in Filg. 9 and Fig. 10.
Relative activity on the ordimate rapresentsg the
luciferase activity cgaloulated by using the dual
luoiferase raporter assgay system taking the
transfectiop affibienoy into oonaiderqtion.

Fig. 9 shows the transactivation activity found
when the pS51l expregsgion plasmid (pS1A), the pS3
expression plasmid (p53) or the vector (Rc/cuv) only,
which has been linked to each of the various reporter
constructs shown in Fig. 8, was intraduced into SAOS2
celle. The results showed that like the p53 protein.
the p51 protein has activity to induce the number-

dependent expreassion of the p53 reactive sequendce.
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Fig. 10 shows the results of a similar experiment
using the p51A expression plasmid (p51A), the HA-tagged
PS1lA expression plasmid (Hap5lA), pb3 expression
plasmid (pS53) or the vector (ReCMV), wvwhich has been
linked to the PGC repafte: construct which has been
experimentally demenstrated to have p53 reactivity.
As in the experiment‘showﬁ in Fig. 9, the above results
indicated that both p51A and HApS1lA, like p53, have
activity to induce the number-dependent expression of
thap53:eactivesequen§e. The weak activity found when
the p51Aa expression plasmid was used may be attributed
£to the fact that since this plasmid was built inteo the
expression vecteor with the leader sequence retained,
the amount of expression was small.

When the laader =equence was remeoved in a later
experiment, the pS1A protein showed a stronger
expression-inducing actien than the P53 protein and,
in said colony formation-inhibition assay, too, this
protein was found to have strong activity.

It is apparent from the above results that the p51
protein had the ability to induce transcription through
its transcriptional regulation domain. The finding
that the transaeriptienal activity was lost on induced
mutation of this element suggests that the p5§1 protein

also utilizes the same racognition seguence as does the
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53 protein.

Then, it was inguired whether the same
transcription relation holds true ip vivo, too. A pS1A
genae axpressgsion censtruct having an HA-tagged epitope
was introduced into EAOEB2 cells aoaver a shorxrt time. The
finding of the uptake ¢f the p51A gena by cells indicated
that pS1A is localized in the nucleus and all the cells
were found to elevate the level of p2lWafl. This
indicates that the pS5l1 protein is alse capable of
inducing p21Wafl which is known to be controlled by the
pE3 preoteln.

Experimental Fxample 3 pS51 gene mutation in tumors in

situ

The mutation of the pSl1l gane was investigated in
the in 2ity cancer cells of 66 patients (neurcblastoma,
8 cases; ¢calon cancer, B cases:; breast cancer, 8 cases;
lung canacer, 8 cases; brain tumor, 8 cases; eseophagus
cancer, B8 cases, hepatocytoma, 8 cases; pancreatic
cancer, 6 cases, and renal cancer,; 4 casee) by theae
reverse transcription PCR single-stranded structure
polymorphism (RT-PCR-E8SCPF) method and DNA sequencing
method.

‘(1) Preparation of RNA
Freeh tumor samples were surgically isoclated,

immediately frozen and stored at =80°C until used. The
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RNA was extracted by the method deesecribed 1in the report
of Nakagawa et al. [Nakagawa, A., et al., N. BEngl. J.
Med.. 328, B47-854 (1993)1.
(2) RT-PCR-SSCP and DNA sequencing

The total RNA, 5 g. was transoribed an cDNA using
Superscript II Treverse transcriptase (Gibco-BRL) and
random primers. The 20th ¢DNA of this reaction product
wae used for PCR amplification. PCR-SSCP was pexrformed
in ascoordance with the method of Mashiyvyama et al.
[Mashiyvama 6. et al., Oncogene, 6, 1313-1318 (1991)1.
Specifically., the PCR product was amplified using 3

primers for pS51A cDNA.

The nucleotide equences of primers used for PCR
are as follows.
pS1-Fl: 5°'-AAAGAAAGTTATTACCGATG-3'
pS1-R1:= 5°'-CGCGTGGTLCTGTGTTATAGG-3"

pS1-FP2: 5°'-CATGGACCAGCAGATTCAGA-3'

pPS51-R2: 5'-CATCACCTTGATCTGGATG-3"
pBlL-F3: §' -CCACCTGGACGTATTCCACT-3"
p51-R3: 5S'-TGGCYCATAAGGTACCAG-3"

pS51-F4:- 5'-CATGAGCTGAGUCCGTGAAT-3"*
p51-R4: 5'-TATCTTCATCCGCCTTCCTG-3 "

pS&1-FS5: 5'-ATGAACCGCCGTGCAATY-3"'

*»
«

‘p51-R5 ~-GEPGCTGAGGAAGGTACTGCA-3"'

pS1-Fé S$' _TGAAGATCAAAGAGQTCCCTG-3 "
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p51-R6: §'-CTAGTGGCYTTGTGCCTTTG-3"*

Then, the 32P4CTP was diluted 1:10 with loading
buffer. After 5 minutes ¢f further denaturing at 98°C,
the separation was carried out on 5% glycerol/Se
polyacrylamide gel at 200 volts at roonm temperature fox
12~14 houxs. After the electrophoresis, the gel was
dried and exposed agalnst X-ray £ilm overnanight so that
the migration bands would be definitely visible. To
confirm the presence or absence of mutation. the FCER
product was subcloned into the PGEM~T Easy Vector
(Promega). followed by sequencing with ABI377 DNA
sequencer.

As a result, in the lung cancer tissue belonging
to the type of highly differeatiated sguamous cell
cancer, an amino acid substitution point mutation
(Ala'*® = Pro) was found in the deduced DNa binding region
of the p51A protein. This tumoxr g£howed paratracheal
lyphnode metastasis and pleural :I.nvasi.oﬁ. Since all of
randomly selected 5 clones had the same mutation, the
p51 gene possessed by tﬁis tumor cell was suggested to
be @ aingle allele or have been expressed mono-
allelically.

Experimaental Example 4 Induction of apoptosis bY
p51cDRA introduction

It was explored whether, 1ike the p53 protein. the
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p51 protein would induce cell apoptosis.

The apoptosis induction test with the p51 protein
was carried ocut by the method of the present inventors,
namely the method whiech, as mentioned above, comprises
the use of a transgenic mouse erythroleukemia cell line
(1-2-3 cell line) which presents with typical features
of apoptosis when cultured at 32°C [Kato, M. V., et al.,
Int. J. Oncol., 8, 269 (1996)1.

This mouse erythroleukemia cell line (1-2-3 cell
line) was established from the erythroleukamia derived
from Friend spleen focus forming wvirus gp55 gene-
transgenic mice [Xu et al., Jpn. J. Cancer Res. 86,
284-291 (1995); Kato et al., Int. J. Oncol. 2, 269~
2771 and is a cell strain which expresses only a
temperature-saensitive (ts) mutant P53 protein
(Alal353vVal: point mutation). This tg-mutant p&3
protein is localized in the ceytoplasm at 37°C, which
is a uwsual culture temé'erature, and, ‘thereforxre, does
not exhibit the control function of the pS3 molecule
which is intrinsically discharged in the nuecleus but
at 32°C it migrates into the nucleus seo that the p53
activity is induced [Levine, A. J. et al., Nature 351,
453-4%56 (1991) ] . It has been already reported that, in
this cell line, =slow apoptosis ig induced at '32°¢.

The 1-2-3 cells were culturad in RPMI 16490 medium
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;upplemented with 10% fetal calf serum in a 5% CO,
environment. Then, using pRc/CMV as the expression
vector, the pS51A gene Qas introduced into the above
cells. The cells were than cultured in a selective
medium,andusingneomycin:esistance(Neoﬁ as the test,
cd4l8-resistant cells were selected. An apoptosis
induction study was then carried eut in the pbla-
expressing cells.

Thus, two strains of pSlA-transfected 1-2-3 ¢ellcs
(hereinafter referred to as 11¢l cells" and "4B1 cells")
as transfeactaed with the pSlA.gene—harbofing'expression
vector (pReCMV/p51lA) and, as control, 1-2-3 cells
transfo:ﬁed with the vector alone and not containing
the pS1aA gene were respectively seeded on 10 cm {dia.)
plates at a concentration of 1%x10°/ml and cultured at
2 alternative temperatures of 37°C and 32°C for 24 hours.
The cells were then harvested and treated with »
proteinase K and Rnase A to prepare DNA samples. The
DNA samples were subjected to agarose electrophoresis.
The ethidium bromide-stained images are shown in Fig.
11.

As can be seen in Fig. 11 that, in culture at 37°cC,
whereas no DNA fragment was detected in 1-2-3 cells
(lane 1), DNA fragmentation to 180 bp oligomers could

be detected in the p&1A gaene-transfécted 1C1 and 4B1



126

cells (lanes 2 and 3).

In culture at 32°c, DNA fragmentation was detected
in 1-2-3 cells (lane 4) and the DHA fragmentation was
promoted in 1Cl cells and 481 cells (lanes 5 and 6}.
These results were consonant_with the results of
merpheclogical ebservation of apoptosis and the rasults
of the growth inhibition test of pSl-intreduced cells
(32°¢, 37°¢C).

The presence or absence of apoptotic merphological
changes in cells was studied by £ixing the respactive
cells on glass slides and, after Gimsa staining,
observing the cell morpheology and the degxfee of staining
microscopically. The viable count of cells was found
by Trypan Blue staining and counting.

As a result, the cells grown at 32°C had surface
projections and presented with a shrunken, strained or
constricted form. Moreover, in Gimsa-stained cell
specimens, chromatin condensation was observed either
around the nualear envelope or in intracellular masses.
In contrast, in the cells cultured at 37°¢Cc, no such
morphplogical change was obsarved.

Within 24 hours of culture at 32°C, cells
undergoing apoptotic death and cells continuing the
cell cycle and growth were mixedly preesent, and after

24 hours the viable cell count of pSl-expressing cells
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was 107/ml and the call count of 1-2-3 cells was
1.7%x10%/ml.

The foregeing indicated that the pS5l1l gene-
containing cells treated at the temperature of 32°c
experienced a sudden apoptosis in thea presence of pb3.
It was thus confirmed that the pS5l1 pratein, like the
pS53 protein, induces apoptosis in a gsignificant
measurea.

Ex me Example 5

A specific antibody against the C~terminal region
{(570th ~ 641lst positions of the aminec acid seguence)
of the human p51E proteln was prepared and human cells
Were immunostained.

Thus, the coding region (the 1881st ~ 206th
poesitions of the nucleoctide seguence) of the'human.psia
DNA was ligated to the GST fusion protein expression
vector PCEX-1AT (Pharmacia) énd a fusion protein was
synthesized in Escherichia coli. Using this fusion
protein and BALB/C mice, an antiserum (polyclonal
antibody) wasg prepared in the routine manner and
absorbed with the GST protein te provide a specific
antibody against the Cc-terminal region of the p&51B
protein.

The above antibody was subjected to a primary

reaction with a human skin tissue froazen specimen and
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then to a sevondary xeaction with a fluorescent-labeled
goat anti-mouse XgG antibody.

As a result, this antibody specifically stained
the cell nucleus f£xrom the spinai cell layer to the
basement 1ayei'o£ the human skin. This specificity was
found because said fusion protein treatment abolisgshed
thig reaction while the pretreatmant with GST protein
failed to abolish the reaction.

INDUSTRIAY APPLICABILITXY

The genes of the present invention can be
characterized as related genes of the p53 gene whioch
ig known as & tumor SUPppPpressor gene. With these gaenes,
the expression levels and funotioans in cells can be
analyzed and it is expected that by analyzing their
expression produocts, morbidities in various diseases
assoviated with thegse gemnas (for example. malignant
tumors) can be elucidated and diagnostic and
therapentic modalities can be establi?hed.

Furthermore, the genes of the present invention
are expressed in the gland tissues (prostate. mammary
gland), muscle tissues. and thymus apd other immune
systems in contrast to p73 whioch is expressed in the
nervous system and are likely to be involved in
abnormalities of these tissues. Therefore, 1t is

expected that these genes will caontribute to the
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development of inhikitors or suppressants of =such
abnoermalitices.

In accordance with the present invention, there
is provided a novel human pS51 gene which is of wvalue
as a cell proliferation suppressive gene. The novel
gene of the present invention resembles the gene coding
for the p53 protein or P73 protein. Therefore, the gene
of the invention can be utilized in studies on the
relationships of the analyzed functions of these
related genes to various diseases and used in studies
for applicatien to gene diagnosis and the medicinal use
of these genes in various diseases. Moreover, by using
the gene of the invention, the expression pattern of
the gene in various human tissues can be explored and
its funations in the human body can be analyzed.

In additien, with this gene, the human p51 protein
encoded by the gene ¢an be produced in large quantities
by the genetic engineering technology;' Thus, the gene
and gene fragments provided by the present invention
can be integrated with expression vectors to construct
recombinant human p51 proteins and study p51 protein
activity and the functionz, e.g. binding activity, of
the p51 protein.

Furthermore, the pS51 protein ié useful for the

pathological elucidation, diagnesis and therapy of
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diseases associated with the p5l gene or its proeduct
(e.g.- diseases related tao the transcription aetivity
of cells and varicus diseases related to apeoptosis,
particularly cancers) .

The pS1 protein has physiological actions or
functiones similar to those of the pb53 protein.
Therefore, when various bioclegical stresses such as
virus infection, cytcockine stimulatien, hypoxia, a
change in the nucleotide peol, drug-induced metabolic
derangments, etc. act upohn the living tissues, the
protein of the invention exhibits such functions as
signal transductions through interactions with other
proteins and transqriptional aentrel over the other
genes to thereby modulate replication of the cell DNA
in the.tissues subjected to said biological strasses,
interrupt their cell e¢yecle to repair the cells,
eliminate cells through apoptosis, o:‘p:omote the
differentiation ¢f cells to thereby control to the
defense of living tissues against said stresses.

Tn accordance with the present invention, there
are provided a gene transfer vector containing the human
pS51 gene or an allele thereof which is useful for gene
therapy, <cells into which said P51 gene or allele has
bean introduced, a gene—-therapeutic agent containing

eaid vector or cells as an active ingraedient, and =a
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method of gene therapy exploiting them.

Furthermore, in accordance with the present
inventian, there is provided a pharmaceutical product
containing the p51 protein as an active ingredient whiah
hase aétivity to suppress growth of various cancer cells
and finds application in the treatment of varioﬁs
necplastiac diseaseas and asseciated symptoems through
said activity.

The functional regions of the human p51 gene and
the corresponding mouse gene are completely identical
except for the 3 amine acids in the TA domain, thus
reflecting a high degree of conservation and suggésting
the importance of the present gene {The nucleotide
sequences of the two genesg are correlately shown in Fig.

12~14 and Fig. 15].
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